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Abstract 
This thesis aims to study the volatility of Hong Kong property market. Recently 
many people have said that a bubble has emerged. A brief literature review shows that 
there is no consistent empirical evidence on the existence of bubbles in various asset 
markets. Instead, the inventory model developed by Alan S. Blinder (1982) is extended to 
provide an alternative view on the price volatility and offer interpretations for certain 
observations in simple picture of the Hong Kong property market. Results from a 
volatility test and simple cointegration test also match the model implication that there is 
excess price volatility in industrial and residential sector but not in the commercial sector. 
This indicates that there may be many causes of price volatility in the Hong Kong 
property market. 
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Chapter I. Introduction 
This thesis aims to study the volatility of the Hong Kong real property market 
which, some people believe, is exhibiting a bubble phenomenon. Pozdena (1988) says 
that the popular press has characterized the excess volatility in housing prices as a 
bubble, and comparisons have been made with the Japanese situation in the 80s. In a 
study of land prices in Japan, Boone and Sachs (1989) use the tenn "bubble" to 
describe the volatility of land prices which they also applies to the similar situation in 
Hong Kong. Wong and Staley (1992) also mention that a bubble may have appeared 
in Hong Kong property market. 
According to the New Palgrave Dictionary, a bubble may be defined loosely 
as a rapid rise in the price of an asset or a range of assets in a continuous process, with 
the initial rise generating expectations of further rises a~d attracting new buyers. 
Indeed, the reversal of expectations may cause a sharp decline in price and subsequent 
financial crisis. The bubble phenomenon occurs in many commodity markets in which 
the fundamental values are difficult to ascertain such as jewellery, paintings, stocks 
and foreign exchange, etc. Because of the availability of rich and long data series for 
investigation, most economists are especially concerned about the stock and foreign 
exchange markets because they have very great and direct impact on everyday 
economic activities of every open economy. 
Hong Kong is one of the major financial centres of the world. Both the 
security market an~ the foreign exchange market are mature and ,very active. Many 
international and domestic investment companies are involved in these animated 
markets. Besides the -professional institutio~s such as banks, unit trusts and mutual 
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funds, many people have hold stocks and/or foreign currencies as the main component 
of their wealth. There are many different kinds and combinations of investment 
instruments available for the investors. For example, the portfolio of an individual 
may be composed of shares of different public limited companies, warrants issued by 
some other corporations, foreign currencies including US dollars, pounds and yens, 
etc. However, there is another outstanding investment opportunity in Hong Kong the 
public are concerned with. The Hong Kong real property market is very large and 
丄 . ... 
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attractive because real estate is a necessity in our daily lives and economic activities. 
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The area of Hong Kong is only about 1,070 square kilometres and the urban area is 
much smaller. However, there are over six million people living on this insignificant 
point on the earth. It creates a great demand for residences. Industrialists and 
entrepreneurs also need factories and commercial premises for their businesses. 
The real estate and property market deals in rights and interests in land and 
buildings. The transactions involving heterogeneous units in various sub-markets -
residential units, offices, shops and factories - reflect variations in buyers, sellers, 
perception of information and specific location factors, etc. Although people have to 
go through certain legal procedures in each legitimate transaction, the supervision and 
guidance in the real property market is very weak. The market has no formal agency 
or central institution and organization like the Hong Kong Stock Exchange and the 
Hong Kong Futures Exchange in the stock market, or the Chinese Gold and Silver 
Exchange Society in the gold market. 
Relatively speaking, the real estate and property market is believed to be 
imperfect. 1 Although the prices of primary units are quoted precisely at the first sales 
in a particular site, they may not wholly reflect the information of contemporary 
iBalchin, Paul N, et al. (1988)，pp.88. 
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market. Moreover, it usually takes a long time to complete each transaction. 
Nevertheless there is usually an underlying rationale arising from the effectiveness of 
market price in allocating scarce resources among the users. In the long run, the rights 
and interests would still be controlled by those users who have the highest valuations 
as they have the incentive to offer the highest price. A property might be bought either 
for investment or for own-occupation. If the purchase is for investment, the return 
could be composed of two elements, rent and capital appreciation. If the objective of 
purchase is self-occupation, the return would be the utility or occupation benefits 
derived from possession of the property. 
Recently, the public has complained about the sharp rise of property prices, 
especially in the residential market. Because of huge profit making opportunities in 
speculation, the final users have to face the higher prices which are pushed up by the 
speculators. Some people have argued that a bubble is emerging in the real estate 
market. If bubbles exist, then plans to invest and save may be misguided�In a world 
of uncertainty, consumption and investment may be subject to irregular changes. A 
Pareto-inferior state of economy would be obtained and resources will be allocated 
inefficiently� 
In the following portions of this paper, there is first an elementary review of 
the bubbles literature. A simple formulation of the bubble and some relevant argument 
will be presented. Meanwhile, some examples would be illustrated. I would also try to 
study some tests of bubbles in the same chapter. In chapter three, an alternative view 
of market volatility is provided. I would like to extend an inventory model which is 
set up by Alan S. Blinder (1982) to the real property market in Hong Kong, taking 
into account specific features of the market structure. There is a simple description of 
the Hong Kong real estate and property market in the following chapter. We may find 
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the Hong Kong real estate and property market in the following chapter. We may find 
that the property market is monopolistic. However, available data do not allow direct 
testing of the implictions of the model. Instead, the basic ideas of variance bounds test 
or volatility test and cointegration, which are common in studying bubble 
phenomenon, are also introduced in chapter four. Then I would try to use the methods 
to carry out an empirical investigation on the possibility of bubbles evolution in the 
real property market of Hong Kong. Empirical results would be summarized and 
discussed. Moreover, we also try to justify our model derivations. Finally, I shall 
/ 
attempt to draw some conclusion on the question of bubble in Hong Kong real 
property market. 
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Chapter II. Literature Review 
A price bubble is a deviation in the price of an asset (e.g. stock, foreign 
currency, property) from the price consistent with the fundamental value. The idea of 
price bubbles is based on the proposition that the asset prices are too variable to be 
explained by variation in the fundamentals. 
Consider the no arbitrage condition: 
1 _aEt[PtJIt] + bXt-Pt. (Il l) 
Pt 
This equation states that the return rate r is equal to the sum of capital gains and 
income flow to price ratio, x/pt. The values of a, b can be perceived as some discount 
fractions due to transaction costs or taxes. This can be rewritten as a simple linear 
expectational difference equation: 
Pt 二 SiEt[pJIt] + S2Xt. (H.2) 
where 5, 6, This equation is the basis for both the model of the 
1 1+r 2 i+r 
fundamentals and the model of bubbles. Using the law of iterated expectations, 
Et[Pt+i|It] = SiEt{EtJPt+2|ItJ|It} + S2EJXt+i|It] 
= SiEt[Pt+2lIt] + S2Et[Xt+i|It]. 
Substituting it into (II.2), we get 
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Ft — '^ l^ tLFt+2 
Using the recursive method up to time T, we obtain, 
P t - S z i ^ i E J X t J U + piEJPt+T+ilIt]. (II.3) 
i=0 
If the expectation of the growth rate of Xt is smaller than ( ^ ) — 1，then the first term in 
(II.3) would be convergent as T tends to infinity. In addition, given the transversality 
condition that 
lim§iiEt[PtJIt] = 0, 
l->oo 
f 
we can obtain a solution for equation (11.2)，the fundamental price in period t, p In 
fact, it is the discounted present value of the expected future stream of payoffs or 
returns which would be generated by this asset, 
(II.4) 
i=0 
Another implication of this fundamental model is that proportional changes in 
the asset price could be predicted by only a constant growth rate of the direct returns 
Xf Suppose the returns Xt grow at a constant rate G^ and innovations of the returns that 
deviate from the constant growth rate are unpredictable. Then 
Xt+i = (l + Gx)Xt + Vt+i (II.5) 
where Vt+i is the unpredictable component of the direct return growth in the period 
t+1, and it is assumed that EtVt+i = 0. The equation of the proportional change in 
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fundamental price p^  could be obtained by the substitution of equation (II.4) into 
(11.5): 
^ = + + (11.6) 
Pt Pt i=o 
If Gf is the growth rate of the fundamental value of the asset, then 
E J G [ ] = G , ( I I . 7 ) 
which follows from equations (II.5) and (II.6). 
p � i s called the fundamental solution of the linear difference equation (II.2) 
but it is not the only solution. Now we might write the form: 
pt=pf + bt (II-8) 
where pt is the actual observed price in the market. Although bt is now added onto the 
simple structure, Pt in equation (II.8) is still the solution of the difference equation 
(II.2) provided that bt satisfies the condition that 
bt=SiEt[bt+i|It]. (n.9) 
It means that the observed market value can deviate from its fundamental price 
J without violating the arbitrage condition (II. 1). Using the assumption of <1，by 
successive iteration we would have 
= = ff 二 （11.10) 
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and bt is known as speculative bubbles. In the existing literature, there are several 
versions for the series { bt } which conform to the notion of the self-fulfilling 
speculative bubbles. 
The first one is the deterministic bubbles^. It is the simplest form. Now bt is 
equal to . Then we would have: 
In this case, the endless increase of the asset price Pt is explained by the continuous 
increase in capital gain and the exponential growth of the deviations. 
The second one is the collapsing bubbles). In this example, the term bt is not 
assumed to be a constant. Consider the following: 
ibt_i + Ct with probability q 
Ct with probability 1 - q 
where Et_i[eJIt_J = 0. Obviously, we would have the solution: 
‘ p [ + + Ct with probability q 
Pt = 1 
pf + Ct with probability 1 - q 
In each period, we could observe that the bubble would remain with probability q or it 
1 It is called the Ever-Expanding Bubble in Ch.5 ofBlanchard (1989). 
2it is called the Bursting Bubble in Ch.5of Blanchard (1989). 
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would break down with probability 1-q. As long as the bubble lasts, the actual average 
return of the corresponding asset is larger than the normal return rate^ r. An 
interpretation is that the people perceive that the bubble must eventually disintegrate, 
then a higher return rate is required. The multiplier q'^  is a compensation for the 
possibility that the bubble will burst. If the probability that the bubble ends (i.e. 1-q) is 
high, then there would be an acceleration of the return rate. On the other hand, the 
compensating multiplier would be smaller if people believe that the bubble could 
remain in the market with a high probability. 
According to Dwyer and Hafer (1990), for any finite period, the proportional 
change in price would be an increasing function of time provided that the bubble is 
ongoing. Then the proportional change in the observed asset values may be 
predictable from their own past value. Following the argument of Dwyer and Hafer, 
the expected growth rate of Xt is assumed to be a constant. From equation (II.8), the 
proportional change in observed price which includes the bubble is: 
^ 二 + ~ (11.11) 
P t t P t P t 
Again substituting (II.8) into (11.11), we have: 
i = G 卜 + � （11.12) 
P t P t P t 
3For simplicity, we assumed that y — = Si =石2. 
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Since Abt+i is equal to b” (11.12) would give: 
^ = + (11.13) 
Pt Pt 
where G^ is the growth rate of the bubble provided that it continues. The expected 
value of Gb is: 
Gb = (Siq)-1-1 
q 
二 r + (l + r ) [ W 
L q J 
Since, both (1 - q) and q are positive, the bubble element of the asset price 
would grow at a rate greater than r4. Using equation (II.8) again, (11.12) will become: 
^ = + . (II. 14) 
Pt i + £ l 
bt 
In the above equation, it is clear that the proportional change in the asset price is 
determined by two components, the proportional change in the fundamental value and 
a term involving the effect from the bubble. Consider the second term in (11.13). The 
first part of this term is G'' - G^ t which is expected to be strictly positive since G^  is 
greater than r and Et[G t^] = G^ < r. For the second part, we could notice the following: 
P [ = ( 1 ± G I M (11.15) 
bt (1 + G^ybo 
4lt is true for all r > - 100 %. 
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where pVbo is a constant for t > 0. Since Gx = G^ t < r < C}b, the above ratio is a 
decreasing function of time. Hence the proportional change in the observed asset price 
is an increasing function of time. As the bubble continues and time approaches 
infinity, the bubble component would dominate the fundamental element in the price 
determination. G^ would be the final predictable growth rate of the observed price. 
Another important feature of this example is the inclusion of the term e^  {Ct} 
are white noises. Besides the small disturbance on the value 6 i " W i ' its 
significance is the permission of regeneration of a new bubble when an old one has 
broken down. 
Comparing with the first type of bubble, the deterministic bubbles, collapsing 
bubbles are more sensible in our world. Intuitively speaking, X! are similar to the real 
basic economic elements which influence the Pt fundamentally. For example, the 
dividend Xt determines the fundamental price of the stock Pf The price level Pt is 
affected by the money stock Xt which is governed by the monetary rule. 
Of course, if the market participants often believe that the fundamentals are 
only part of what determines the price of a asset, then a crowd psychology or some 
extraneous events are also important determinants. Since the decision-making is 
formulated under uncertainty, the "irrationality" or some irrelevant shocks and events 
may cause sudden deviations from fundamentals. However, we can observe that 
rationality in behaviour and expectations formation does not also prevent asset prices 
from deviating from fundamentals or "rational" bubbles occurring. In fact, as long as 
the market participants have finite horizons, there will be new players (both buyers 
and sellers) coming into the game. Since the market may not be efficient enough for 
11 
full arbitrage, bubbles can exist in the economy even in general equilibrium^. 
We often observe bursting bubble-like phenomena in our society, for example, 
the stock market crash, collapse of property prices, etc. Although everyone knows that 
he/she may lose since the bubble will crash with probability q in future, it is very 
interesting that there will be more and more market participants in the game when the 
horizon is shorter and shorter because the people want to exhaust all the profits before 
the burst. 
From the mathematical illustration above, we could see that the arbitrage 
condition alone does not prevent the formation of bubbles. However, if some other 
conditions are imposed on the market, the possibility of occurrence of certain bubble 
phenomena might be ruled out. 
The first noticeable condition is the assumption of free disposal. If the asset 
could be freely disposed, then the value would not fall below zero. It implies that the 
negative bt cannot exist. Otherwise, in the condition (11.10), the expectation of future 
bt+k might go to negative infinity. In the final stage, the market price Pt would also be 
negative infinity because the positive fundamental value is totally dominated by the 
minus infinity b^ This is impossible. 
From the condition (11.10), we could also see that the possibility of redemption 
could preclude the occurrence of bubble. If Pt is subject to the par value of the asset at 
some future time, then pt should not deviate from the terminal value. To work 
backwards, the value of bt should not deviate from zero. Therefore, no bubble could 
exist in the corresponding market. According to Blanchard (1989), there should not be 
5piease refer to Blanchard (1989) pp.226-230. 
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any bubble on bubbles, except on consols. 
The third restraint on the appearance of bubbles is the degree of scarcity in the 
asset market. In Tirole (1985), it is concluded that the possibility of producing too 
much of the asset might discourage the generation of bubbles in that asset market. If 
the supply of the commodity is very elastic, then it is difficult for the price Pt to 
increase without bounds. Blanchard (1989) has stated that the probability of the 
evolution of bubbles on an asset would decrease if the asset is an easily reproducible 
asset. By the similar reasoning, if it is very easy to find substitutes for an asset in the 
market, the possibility of emergence of bubbles on the asset will be greatly reduced. 
Blanchard (1989) has also concluded that under the conditions of free disposal and 
existence of a perfect substitute in infinitely elastic supply at some price, there cannot 
be any bubble at all. 
In the New Palgrave Dictionary, Kindleberger has listed out several notable 
bubble phenomena in our history. The Tulip mania in Netherlands in 1636 was the 
first well-known bubble-like phenomenon. The Mississippi bubble in Paris and the 
South Sea Bubble in London were other famous bubbles. The populace and some 
economists believe that the excess volatility in price level and the foreign exchange 
rates, the crash in 1929 and stock market crash in October 1987 are also bubble 
related phenomena. After a simple presentation of the mathematical analysis of the 
bubbles phenomenon and some possible incidents in our history, we shall turn to 
several of the empirical studies in the literature. 
The first empirical test on bubble is developed by Robert Flood and Peter 
Garber (1980). It is applied in testing for the price-level bubble in Germany. The 
period studied is from December 1918 to the end of 1922. There was hyperinflation 
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within this interval. According to Flood and Garber, there are two reasons for 
choosing the German hyperinflationary period in order to test whether bubbles exist or 
not. First, the existence of bubbles is associated with self-fulfilling expectations which 
have an important role in the price determination during hyper-inflation. The second 
point is the deficiency of statistics in normal times. There is a great constraint in 
generation of data in empirical research. In fact, a very high rate of price change is 
implied by the occurrence of bubbles. Hence, the German hyperinflationary period is 
the proper period for the collection of the figures on rapid accelerations of inflation. 
The basic monetary model employed by Flood and Garber (1980) was 
developed by Philip Cagan (1956). When the money market is in equilibrium, we 
would obtain the equation: 
= X + an] + e^  
where nit and pt are the natural logarithms of money and price respectively, at time t. 
nit, which is assumed to be independent of current and past prices, is determined by 
the government, n* is the anticipated rate of inflation between t and t+1 and e! is the 
random error term. Meanwhile, the rational expectations assumption is required, 
where n^  二 Pt+i - Pt. After tedious calculation, the solution for price is 
Pt = + [mt -入 + 广 - W t J U t - e j 
i=0 
where r 三 m+i = nvi+i-mt+i，Wt+i = et+�et, and Aq is an arbitrary constant. Then 
a 
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Flood and Garber define the market fundamentals for the model to be 
[m^ -入 + 厂 - Wt+i|It)广 - et] 
i=0 
and the price-level bubble will be captured by the term - a A^r^ Obviously, we would 
not find any bubble if A � i s equal to zero. In other words, there is no initial bubble. 
Flood and Garber estimate the inflation equation and money-demand equation with a 
nonlinear seemingly unrelated regression. They also carry out the joint estimation of 
money-demand and money-supply parameters. They find no evidence to reject the 
hypotheses that the parameter A � i s equal to zero at standard significance levels. 
However, according to Flood and Garber (1980)，there are some deficiencies 
in their study6. First, the assumption of exogenous money has ruled out the possibility 
of feedback from past inflation to current money supply. Secondly, it is quite 
unrealistic in employing the deterministic bubble process. Another weakness is the 
asymptotical inefficiency in the estimation of the parameters. It would produce an 
unreliable foundation for statistical inference. 
Obstfeld and Rogoff (1983) investigate the speculative hyperinflation 
theoretically. In their paper, initially, pure fiat money in an economy with infinitely 
lived, utility-maximizing agents with perfect foresight was employed to study whether 
the price-level bubbles could occur under rational expectations. The representative 
will maximize his discounted present value of the utility stream, 
U = |>[u(ct ) + v(mt)] 
i=0 
6in Flood and Hodrick (1989)，there is a summary of criticism. 
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where p < 1，q is the consumption, nit is the ratio of nominal money holdings Mt to 
the price level P^ The utility is a separable function and both u(.) and v(.) are concave 
and increasing functions. They are assumed to be differentiable and obey these 
conditions: (i) limu'(c) = oo, (ii) limu’(c) = 0, (iii) l imv ' (m) = oo, (iv) 
lim v'(m) = 0. The flow budget constraint is 
m—CO 
At - At_i = Pt r kt_i + (Qt -Qt-i) kt-i + Pt (ht _ q) 
where At, k” Qt, ht are the nominal assets, physical capital holdings, nominal price of 
capital, government transfer respectively and r is the return rate. Then the wealth 
constraint would be 
At = Mt + Qtkt 
and Mo and k�are given. 
After the derivation of the necessary first-order conditions for optimization 
and successive iteration, there will be two conditions, the transversality condition: 
lim[piu’(Ct+i/Pj] = 0 
1 —OOL J 
and the infeasibility condition: 
limmv'(m) >0. 
m->oo 
According to Obstfeld and Rogoff (1983)，the possibility of hyperinflation can be 
ruled out if either the transversality condition or the infeasibility condition holds. Of 
course, if such strict restrictions were not required in the utility function, then the 
occurrence of price-level bubbles may not be eliminated. 
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Moreover, Obstfeld and Rogoff have also illustrated that the speculative 
hyperinflation would disappear if the government could partly back her currency by 
certain kind of redemption. 
A bubble may appear in the monetary system of a particular country. 
Similarly, exchange rate bubbles can also emerge in the international money market. 
Furthermore, there is a large literature and many empirical findings on bubbles in the 
foreign exchange market. 
Since both the economic and political roles of United States are significant in 
the world，it is natural that most academic studies of exchange rate bubbles are related 
to the US. dollar. In the 1970s, there was a significant depreciation in the dollar, but 
there was a dramatic appreciation in the 1980s. Richard A. Meese (1986) inquires into 
the possibility that such observed differences or variations in major bilateral exchange 
rates from their corresponding fundamentals are an effect of the rational bubbles. In 
his article, there are 110 observations in the sample of monthly data over the period 
1973 to 1982. The major bilateral exchange rates studied are US$/£, US$/DM and 
US$/Yen. 
Basically, Meese (1986) has assumed three equations in formulating the 
empirical model. The first one is a transaction-type money demand equation, 
mt-Pt = aiyt-a2(it-i;) 
where nit, Pt, Yt, it and i； are the natural logarithms of the relative (US to foreign) 
money supplies, price levels, and real incomes, domestic interest rate and foreign 
interest rate respectively. Hence, the term in the bracket is the short-term interest rate 
differential and the terms a ,^ a] are the elasticities. The second one is uncovered 
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interest parity, 
it-i; = E[St+i|It]-St 
where E[St+i|It] is forecast of the time t+1 spot exchange rate St+i based on the 
information at time t and St is the logarithm of dollars per foreign currency units. The 
third condition is that iv the deviations from purchasing power parity (PPP)7 is a 
random walk process: 
St-Pt = Ut， and 
where Ct is a white noise. From to the above three conditions, we will obtain the 
following: 
St = (1 — b)(m, - a j O + bE[St+�It] + (1 - b)u, 
where b = 0 < b < l . 
1 +汪2 
According to earlier empirical findings, there exists overwhelming evidence 
that the level of St follows a borderline nonstationary process.8 Then we consider the 
first difference of St: 
Ast = (1 - b)(Amt - aiAyt) + b E [ v J I J - E[sJI,_J + (1 - b)e, 
and Axt 二 (Amt - aiAy^ is defined as the market fundamentals which can also be 
rewritten as the following: 
AXt = cAXt—i+d” c<l 
7if ppp holds, the ratio of spot exchange rate to price levels is one. Hence the the logarithm of this 
ratio is zero. 
^Meese (1986), pp.349. 
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where dt is also a white noise. After a rearrangement of the equation of first difference 
of St, Meese (1986) has defined the transversality condition as 
T->00 
If this condition holds, then the no-bubbles solution will be obtained. If the condition 
is violated, the emergence of bubble is possible. Meese (1986) has employed various 
tests and concluded that there was strong evidence of bubbles in the exchange markets 
during the period from 1973 to 1982. 
George W. Evans (1986) has developed a new test^ for bubbles in the 
exchange rate between the U.K. pound sterling and the US. dollar. According to 
Evans (1986), the basis for a test of HQ VS. HI is a sign test and also a nonparametric 
test which considers the difference between the number of positive and negative signs 
for the stochastic process of excess returns to holding foreign currency over the period 
from 1981 to 1984. If nit is the median of the stochastic process, then the null 
hypothesis Ho is that mt 二 0 for t = 1,2,...，T, and the alternative H^  is that nit t^： 0 for t = 
Ti,...,T2, where I<T1<T2<T. During the 48-month period, the empirical results 
suggested that we reject the null hypothesis that the median nit is equal to zero. Hence, 
there is a chance for the emergence of bubbles. However, Evans (1986) has also 
advised us that nonrational expectations or nonsymmetric fundamentals might 
generate a similar test result. 
Meanwhile, there are many other potential explanations for the volatility or 
9The idea of this test is similar to the Ouns Test which is illustrated in Blanchard and Waston (1982), 
Chll. In fact, there are two types of test for bubbles: run tests and tail tests. The main principle is 
referring to the distribution and higher order moments of the innovations in prices Pt - E[Pt_i]. 
Blanchard and Waston have applied the tests to the gold prices. 
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bubble-like phenomena in the foreign exchange markets. Singleton (1987) has 
contributed a critical review of the potential importance of speculative bubbles for 
explaining the time series behaviour of exchange rates. He has noted that bubble 
models adopt fairly simple, and inadequate, specifications of the interplay between the 
information of market participants by commonly assuming current and homogeneous 
information and that the distribution of shocks is known. These models abstract 
entirely from the dynamics introduced by incomplete information of heterogeneous 
beliefs and information. The rejection of the PPP and economic fundamental theories 
has led to the development of bubbles because changes in the fundamentals can 
generate a bubble easily. With the addition of some uncertainty, the misspecification 
explanation of broad swings in exchange rates might be extended to explain the short-
term volatility. Singleton has argued that misspecifying the model would 
underestimate the volatility. According to his research, incorporating nonlinearities 
and risk aversion into the model can increase volatility. Heterogeneous information 
further magnifies the reaction of the exchange rate to shocks. It is likely that some 
traders will be more interested in hedging and others may take uncovered , speculative 
positions. With imperfect competition in the market, volatility may be further 
increased. Singleton therefore rejected bubbles as a significant explanation of the 
volatility in the market. According to his argument, correctly specified models of the 
fundamentals would be able to explain the short-term volatility with uncertainty and 
heterogeneous information, while medium-term movements in exchange rates are 
attributed to omitted variables, including government policy the future evolution of 
which is also uncertain. 
Among articles relevant to the bubble literature, many economists focus their 
attention and efforts on analysis of stock markets. Besides the Great Depression, the 
recent October 1987 Crash across several countries also intrigued economists. It 
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provides another opportunities to test the hypothesis whether bubbles exist or not. 
Different tests have been applied, particular to the US market. 
First, the Volatility Test was introduced. In fact, LeRoy and Porter (1981) and 
Shiller (1981) have proposed using the variance bounds restrictions on testing excess 
volatility in the stock market. Rewriting the equation (11.4) and let T — oo: 
= (n.4,) 
i=0 
assuming EtP^ to be equal to the R.H.S. of (11.4丨)，where p^ is the present discounted 
value of the actual following subsequent Xf If the market is efficient and perfect 
foresight is allowed, the actual market price is Pt = p^ t = EtP -^ In other words, Pt is the 
mathematical expectation conditional on all information at time t of the p'^ t or optimal 
forecast of pdf Obviously, we may write, 
P? = Pt+Ut 
where Cov(pt,Ut) 二 0 and EtfutllJ 二 0. Since there is no negative variance, then we will 
obtain the variance bound that 
Var(p?)>Var(pO. 
However, according to Shiller (1981), there is strong empirical evidence that the 
above inequality is violated. He used two data sets, real Standard and Poor's 
Composite Stock Price Index from 1871 to 1979 and real modified Dow Jones 
Industrial Average from 1928 to 1979. The excess volatility of stock price is 
noticeable and such excess volatility might have been one of the outcomes of bubbles 
phenomena. 
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The Shiller's conclusion is significant. According to Marsh and Merton (1986), 
there are three important elements in supporting Shiller's arguments. The first point is 
the apparent robustness of the variance bound methodology. The second point is that 
the period employed is quite long and it would greatly reduce the sampling error. A 
sizable magnitude, five to thirteen times 10, of the empirical violation of the variance 
bound is the third element. On the other hand, there exists many weaknesses in the 
Shiller Volatility Test. "Variance bound Inequality is critically sensitive to the 
assumption of stationary process for aggregate dividends. If aggregate dividend policy 
is described by a smoothing or averaging of intrinsic values that follow a 
nonstationary process, then the misspecification of stationarity in the dividend process 
not only weakens the power of this bound as a test of stock market rationality." ^ ^ In 
fact, the dividend can be levelled or manipulated by management for some economic 
or commercial reasons. Marsh and Merton show that the inequality can be reversed if 
another type of dividend policy is exercised. Moreover, if the dividend process is not 
stationary, the variances of both p � a n d Pt are not definite as t approaches infinity; 
then the inequality will be meaningless. Another weakness is that a joint hypothesis is 
being tested. The hypothesis has three parts. The first component is that a risk neutral 
individual can borrow at a constant interest rate. The second is that the representative 
has rational expectations. The last part is that there is no bubble. Hence, even if the 
hypothesis is rejected, it does not imply the existence of bubbles. 
Kenneth D. West (1987) has developed another new test for the bubbles. It is 
called Specification Test. It allows "no-misspecification" and "no bubble" to be tested 
separately. If the no-bubble hypothesis is rejected while the no-misspecification 
hypotheses is not rejected, then the acceptability of the presence of bubbles will be 
very strong. Basically, there are three equations in the test. The first one is a simple 
lOshiller (1981)，pp.433. 
1 Iprom Marsh and Merton (1986), pp.493-494. 
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arbitrage model with constant discount rate. The second one is an autoregressive-
integrated-moving average (ARIMA) dividend process. They are used to check the 
specification of the model. The third one is the regression of the stock price on a 
suitable set of lagged dividend. It is derived from the first two equations and is only 
affected by the existence of bubbles. Therefore, West examines the consistency of the 
estimates obtained from the third equation by comparing with the comparable set of 
estimates of the first two equations. In West (1987), the test is applied to the US. stock 
market data, similar to those used by Shiller (1981), the Standard and Poor's over the 
period 1871 to 1980 and modified Dow Jones index from 1928 to 1978. Although 
there are some mixed results, the conclusion is that specification of the arbitrage 
equation is acceptable and the specification of dividend process is also marginally 
accepted but the null hypothesis of no bubbles is rejected. 
Diba and Grossman (1988a) have adopted the method of cointegrationl2 in 
looking into the presence of bubbles in the US. stock market. The property of 
nonstationarity of both prices and dividends series plays an important role in the 
cointegration analysis. While Diba and Grossman mention that the mixed empirical 
results may reflect the low power of the test, their conclusion is still different from 
Shiller's and West's, as the analysis does not sustain the argument that there exists the 
bubbles in the stock market. 
Dibal3 also found weak support for the proposition that the rational bubbles 
are present in long time series of US. aggregate stock prices. Even if such bubbles 
exist, they seem more likely to be present in only some new issues of equity. 
According to the result of the analysis from Dwyer and Haferl4, the sample adopted 
12xhe methodology will be employed and explained in Ch.4 in this paper. 
l^Dwyer and Hafer (1990) Ch.2. 
l^Dwyer and Hafer (1990) Ch.3. 
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covers only monthly data from April 1973 to December 1987. Again, the implications 
of the hypothesis of rational bubbles in stock prices find little support in the data from 
stock markets of several developed countries which include Canada, West Germany, 
Japan, United Kingdom and United States. They also find little support for the 
hypothesis that a contagious bubble can drive up stock prices worldwide. 
In sum, even if bubbles are found by sophisticated econometric techniques, 
they are difficult to be distinguished from misspecification of the model. In fact, 
testing existence of bubbles is similar to testing a joint hypothesis of their existence, 
model specification and the behavioral judgement of the economic agents. Moreover, 
hypothesis testing may also be limited by econometric techniques, and the availability 
of the data, including human behavioral data. Therefore, from econometrics alone, it 
is difficult to unambiguously identify bubbles as the cause of volatility of the prices of 
risky assets. In order to explore other possibilities, a model will be set up in the next 
chapter to account for price volatility without the introduction of bubble. 
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Chapter III. Model Formulation 
When we talk about the real property market, most people start from the 
consumers' point of view. Boone and Sachs (1989) employ a simple model of 
structural adjustment and growth in an analysis of the Japanese market. They assume 
that each individual maximizes a time separable utility function. Another key 
assumption is the Cobb-Douglas production function with three factors, labour, 
capital and land. They also characterize the intensity of land use, the saving rate and 
the growth rate of economy as the fundamentals of Japanese land prices and directly 
show that these factors do determine the inter-regional variation in land prices in 
Japan. 
However, Hong Kong is a much smaller and more compact economy. The 
inter-regional and inter-functional variation of the Hong Kong real property market 
may not be characterized by the variables studied in Bonne and Sachs, but instead by 
different demand elasticities, marginal production cost, maintenance cost and 
response to exogenous shocks. I would like to look into the market from the firms' 
angle. In this chapter, I shall be borrowing from the inventory model set up by Alan S. 
Blinder (1982). The focal point of Blinder (1982) is the influences of demand shocks. 
I shall extend his model to fit Hong Kong real property market. Hong Kong is a small 
and open economy. The property market often suffers various shocks. In the model, 
both the demand and supply shocks are considered. Facing with the shocks, we want 
to study whether the prices movements of different sub-sectors are relatively volatile 
or not. The initial setup is nearly the same as Blinder (1982). Firstly, the firm is a 
profit-maximizing agent who is clear about her revenue function, cost function and 
storage cost. 
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T^ PVPnne fiinction : We assume the firm is monopolistic. The demand function for the 
firm is assumed to be 
Xt=2(do-dPt+a;). 
Then Pt 二令-去Xt+cct 
» 
OCt 
where cct 二了. 
a 
__L is the slope of the demand curve and a, is the random demand shock. When d 
2d 
increases, the demand curve will be flatter, it is more elastic. 
Then the revenue function is 
R(Pt，at)=2Pt(d�-dPt) + 2Ptat 
or = 
We also assume that 
a, 二 p^ cxt-i + Ut with u,�iid，Eu, = 0, 
(i.e. OCt � A R ( 1 ) with 0<pi< land litis a white noise) because the serial correlation of 
marcoeconomic disturbances is usually very high. In the model, the assumption that 
the demand shocks are following an AR(1) process is very strong. Moreover, we also 
assume that the influences of the shocks are additive in the demand function. While 
these may not altogether realistic，it enables us to simplify the derivation. 
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Production cost function : The production cost function is strongly assumed to be 
quadratic because cost convexity is required for satisfying the second order condition 
in the maximization: 
C(Yt，yt) = c � + CiYt + ^Yt2-YtYt 
where 丫t = P2丫t-i + Vt with v,�iid，Ev, 二 0, 
(i.e. Yt � A R ( 1 ) with 0 < P2 < 1 and v^  is a white noise). 
1 
C(.) is the total prodcution cost of Y^  unit in the market. The positive - ensures that 
the marginal cost is rising with Y” and the maiginal cost will shift upwards when c 
decreases. When there is a positive supply shock, it is supposed t h a t � i s positive and 
the production cost of Y^  would be reduced at per unit Y .^ In fact, the production 
shocks affect the parameters c/s directly as well�For convenience, we treat them 
separately by introducing and we also assume the stochastic effects are additive. 
Tnvp.ntnrv cost function : S(.) is also assumed to be quadratic. The storage cost is 
increasing at an increasing rate. For generality, a symmetric penalty cost can be 
introduced when sales are greater than total current production and stocks. The 
functional form is 
S(Nt) 二 s � + SiNt+悬N? 
where N^ is the inventory level at period t. Clearly, the marginal storage cost is higher 
when s is greater. 
- ( 
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Solution for Optimization 
An accounting identity, % - N , - X , is the constraint in the profit 
maximization of the firm. Hence the optimization problem is the Lagrangian : 
E 。 ! ： ( 丄 ) 己 S ( N t ) + Qt(Yt+Nt-Xt-Nt+i)> 
t ? 1 + r I J 
where Q^  is the Lagrange multiplier. 
Consider the F.O.C.s: 
Pt： E�i’(Pt，oO = E�(-2dQt)] 
Yt: E�6i(Yt，Yt) = E�Qt 
Nt: E�S’(Nt) = E� [Q t - ( l + r ) Q t J 
Obviously, the third expression would not be present in single period optimization� 
Now let the smaller letters y, = ，x, 二 E�Xt, Pt = ，…；then the F.O.C.s can 
be rewritten as : 
1 , 
Yt： Ci+-yt -k t 二qt 
c 
Pt: 2[(d�一 2dpJ + E�(a;)] 二 -dqt 
lit: Si + sn t=qt -G + r)qt_i 
or 
yt 二 c(qt-Ci + kt) 
qt = (l + r)qt_i + sn^  + Si 
I 
where k, 二 E� (Y t )， I t = E J a � = E � ( 字 . 
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At equilibrium, the steady-state values of variables can be represented by 
y =又，p, q and n. We also define 二 Qt 一 Qt-i which can be interpreted as the 
implicit value of the inventories. 
Hence, the above equations can be rewritten as follows: 
P t - P 二去(入tH) 
Xt 二 + + 
or 
y t - y 二 C(人 t+kt) (m.i) 
Xt-又= -d(入 t - i t ) (瓜 2) 
\ - � = rXt_i + s(nt-n) (ni.3) 
Using (III.l) and (IIL2) and the accounting identity, then 
n t + � n t = (c + d)Xt + ckt—dlt. (m�4) 
There are some economic interpretations for the conditions. (III.l) equates the 
marginal cost to the expected shadow value of the inventories qt- (111.2) equates the 
expected marginal revenue to the expected shadow value of the inventories qt. (III.3) 
states the optimal inventory holding condition that the expected shadow price 
appreciation is just equal to the sum of the implicit interest cost of storing inventories 
and the expected marginal storage cost. And (111.4) shows that the change in 
inventories is affected by the shadow prices and the stocastic stocks. 
Now, using (IIL3) and one period lagged (III.3) and (IIL4), we obtain a single 
second-order heterogeneous difference equation : 
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A^t — [2 + r + s(c + + (1 + 二 s 一 . (ni.5) 
Consider the auxiliary equation which represents the homogeneous part of (111.5)： 
z 2 - r z + (l + r) = 0 (IIL6) 
where r=[2+r+s(c+d)]. The solution to this homogenous part would take the form as 
where z, and z, are the characteristic roots, G, and G, are the constants determined by 
the initial conditions. 
Checking the product and the sum of the roots of (111.6)，it is easy to verify 
that one of the roots is less than one and another one, says z,, is greater than one. For 
stability, the second solution would be rejected. Then the general solution is 
Xt 二 GiZ;+et where 0<Zi<l， 
which is the particular solution to the non-homogeneous part (III.5). Hence, we would 
obtain an equation : 
( i - rL+( i+r )L ' )e , . i = s [ckt_i 一 dit-j (ni.7) 
Now, we want to find out the initial value of \ which is important for our further 
derivation. 
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Since K = and ?^=GiZi+e” 
A i^-Xo 二 G i ( z � i ) + e i - e � 
= d e o ) ( z � i ) + e � e o 
= x � ( z i - i ) + e i - z i e � . （ni.8) 
Furthermore, let t=l in (111.3) and t二0 in (III.4) and combine them, we would get 
= rA^o + s [no-n + (c + d)A.o + ck�一 dl�]. (ni.9) 
Equating the R.H.S . of both (III.8) and (111.9)，the equation can be rewritten as ： 
人。二 [ n - n , - c k � + d l � + . 
0 l + r-Zi + s(c + d) s 
Rewriting (111.6), 
z M 2 + r + s(c + d)]z + (l + r) 二 0 
[z - (l + r)](z - l ) -s(c + d)z = 0 
l + r - z � . 
Therefore, we have 
入o = q p - n � - c k � + d l � + ^ i ^ ] . (III.10) 
(c + d) s 
Recalling (IIL7) and the product of roots, z^z^Kl+r), and the sum of roots, z^ +z^ 二r， 
we obtain 
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(1 一 二 c o d | > \ + j - coc|>jkt+j 
S j=0 j=o 
where co 二丄 < 1. 
Ift=l,then 
oO 00 二 ® [d | > ( c o P i ) V c |>2(®p2yko]. 
s j=o j=o 
Substituting it into (III. 10)， 
� = i z 2 l [ H _ n � + A - A ] . • ( H U D 
0 c + d 1 -copi 1 - ® P 2 
From the equation above, we note that the implicit value of the inventories is affected 
by demand and production shocks in the positive and negative direction respectively. 
In addition, if the shocks are transitory, i.e. Pj is small, then the corresponding effect 
on the value of inventories is relatively little. Moreover, if the demand is elastic and 
there is a demand shock, inventories will become important because the firm has to 
use the inventories to fill the orders. By the same principle, if the marginal cost of 
production is very low and there is a positive production shock, the relative role of 
inventories may be greatly reduced because the firm can use the current outputs 
instead of inventories to meet the demand. 
By (III. 11)，we can study the influences of demand shocks and supply shocks 
in the property market. First, we take the partial derivative o f � w i t h respect to the 
demand shock lo to obtain: 
d [ 1 - Z i ] 二 d [ Z 2 - ( l + r ) ] 
c + d 1-copi c + d Z2-P1 
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Similarly, 
ako c + d Z2-P2 
Since Z2>(l + r)>Pi, 尸 1,2 
^ dXr, 1 
aio 
- 1 � � < 0 . 
改0 
When we take the partial derivatives of y。，x。，Po and (！^,) with respect to 1�and k。， 
^ and ^ are involved respectively. 
d lo 改0 
Tnfluence of ripmand Shocks 
Firstly, we study the effects of demand shocks. From equations (III.l) to 
(111.4)，we get the following derivatives : 
餘=会 
奇=令’ 
塾二丄 (〜 + 1)， 
aio 2 � a i � 
己(ni-n。）二（c + d ) & - d . 
a 1� 51� 
Obviously, 
^ > 0 ， , 势 〉 G , 
aio 己 lo 己 lo 
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The adjustment of production, sales, prices and inventory investment is straightforward 
with respect to the demand shocks. We are interested in the effect of changes in the 
other parameters, s，c，d and Pi on the adjustment process. 
P-fffirt nf Storage Cost: 
We take the partial derivative of ( j ^ ) with respect to s to get 
as^aio c+d (z^ -p丨)2 as 
It is easy to verify that | > 01 and hence， 
as^aio^ 況、lo 
！[么]二 - d 互 ( � < 0 , 
A r 爽]二 � ) > 0 ， 
二 (c+d) |•(昏 )>o. 
as aio 彻 己 lo 
The economic interpretation here is quite simple. If the companies could vaiy 
inventories at low storage cost s (the quadratic component), effects of demand shocks 
on the output and price are smaller because inventory investment has absorbed most of 
the fluctuation; it can also accommodate changes in expected sales. On the other hand, 
iRecalling the auxiliary equation z ^ - F z + d + r) = 0, we can take the partial derivatives of both 
. fe 1 r 士 Vr2-4(i+r) 
sides. Then we obtain 2 z ^ - ( c + d ) z - r ^ = 0. Meanwhile, we can solve z = ^ • 
OS CS 
Since we have assumed that it is easy to verify that Iz^ - 4 ( l + r) > r . 
^ ^ dzn (c+d)Z2、n 
Therefore, = ^——；r > 0. as 2z2-r 34 
if the storage cost is very high, inventory investment will lose the buffer function, and 
the fluctuation is transmitted to production and price. 
Effect of Marginal Cost: 
Now, we take the partial derivative of ( ^ ) with respect to c，then we get 
C* Ig 
' ^ ^ J T j ' (c + d)2L c + d dc 
As before ^ can be shown to be greater than zero. However, the sign of the 
， d c 
expression is not so clear. There are two possibilities. We may say that the probability 
of is very high especially when p, is very small and c � d . When the 
dc DIQ 
marginal cost of production is relatively low and the demand is inelastic，the implicit 
value of keeping inventories as a means of accommodating demand shifts will be 
relatively low because the output can be easily adjusted to meet the market demand. 
In the former case, 
are positive, while 
is negative, and 
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If a demand shock is transitory, profit-maximizing firms will not miss such a good 
chance to produce more for the market if the marginal cost is very low. Moreover， 
price response is smaller because the expected sales shows a larger response. 
On the other hand, - ( | ^ ) > 0 is possible if the positive shock is relative 
dc o IQ 
permanent, demand is elastic and marginal cost is relatively high. Under these 
situations, the relative value of the inventory investment is also higher. Then we may 
have 
a c ^ a i r aio a c ' a i o ' 
〜 二 一 d A ( � ) < 0 , 
a c ^ a i o a c ' a i o 
a c ^ a i o 2 a c ' a i o 
I f • 咖 - n o ) i 二 d[l + r-Pi，]g^> 0. 
ac^ a i � j L (z2 -P i )2�ac 
If the demand shock is relatively permanent and the cost of production is very high， 
the responses of the output, expected sales and inventory investment will be relatively 
low while the price shows greater response through the small sales change. 
KfFect of Demand Klasticitv : 
If we take the partial derivative of (会)with respect to d, then we get 
^ Iq 
(c + d)2L Z2-P1 c + d (Z2-Pi)2 ad 
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^ is positive and the whole expression is also positive. Suppose the shock is 
dd 
positive and the demand is elastic; then inventories are more valuable to the supplier 
because the firms can use them to satisfy the consumers with an increase of revenue 
(small decrease in price is more than compensated for by a large increase in sales). 
Then we have the derivatives: 
a d ^ a i o a d ' a i o 
the sign of which is negative if d is sufficient large and c is sufficient small. 
Otherwise — ( ^ ) >0 ifdandpi are very small. Also, 
d IQ 
a d ^ a i o 2 a d ' a i o 
is likely to be negative if is greater than zero while the probability of 
5d d IQ 
！ [ 咖 - n � ) ] > 0 is also greater when 甚 ( f ^ ) <0. 
Given different initial conditions, the effect of demand elasticity is also 
different. First, if demand is already very elastic and marginal cost of production is 
very high, a slight variation of the demand elasticity would not have significant effect 
on the expected sales adjustment to a demand shock. It is because the firm still cannot 
fill all the orders immediately. On the other hand, a low marginal cost, an inelastic 
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demand and a relatively transitory shock would result in a big response in expected 
sales adjustment. It is because the firm can meet the demand easily by selling their 
inventories which can be replenished later with a low cost. 
Although there is ambiguity in the effect of demand elasticity in the expected 
sales adjustment, the effect on price response is clear. For a positive demand shock, 
the prices would increase and revenue to the firm may decrease. However if the 
demand is more elastic, the large quantity increase can compensate it. A large price 
response is acceptable. 
F.ffect ofPer'^^^tence of Shocks: 
Now we take the partial derivative of ( ^ ) with respect to pf. 
上 ( g k ) 二丄 [ Z 2 - ( l + r ) ]>0 
api aio c+d (z^-Pi) 
In this case, the sign of each derivatives is very clear. 
api aio 彻 � � 
ap, aio 晰 51� 
二丄！ ( & ) � o , 
api aio 2ap, a i � 
a p / aio 
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If the demand shocks are relatively temporary, the firm will tend to use inventory 
investment to buffer them. Then fluctuations of output and price level are moderate. 
On the other hand, the role of inventories is reduced if the shocks are lasting. 
Tnfluence of Production Shocks 
Now we investigate the adjustment process which is induced by another 





g(ni-no)二 (c + d ) � + c. 
ako 改 0 
And it is still obvious that 
改0 改0 改e 改0 
The results are perceptive. If there is a positive shock in the production, 
manufacturing cost would be lower，which encourages production. Meanwhile it 
increases expected sales by reducing the price. Because it is a positive production 
dyQ dxQ. , 1 
shock, output expansion is larger than the sales increase (—>—)； hence, me 
inventory investment is increasing. Comparing with the demand shocks discussed in 
above or Blinder (1982), the counter-movement of x � a n d (n, - n。）is substituted by 
co-movement here. It is because the stimulated output increase is smaller in the case 
with demand shocks or Blinder (1982), i.e. < • 
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Again we are also interested in how the effects of production shocks are 
affected by the parameters, s, c, d and p� . 
F.ffprt of Storage Cost: 
If we take the partial derivative of ( ^ ) with respect to s, then we get 
汰0 
d dX, = __c l + r-p2 产 
c + dL(z^-P2)2 as . 
Since ^ is greater than zero, the whole term is negative. The economic intuition is 
ds 
simple. The role of inventories is less important when there is a positive supply shock. 
The depreciation of shadow value of inventories is greater if the storage cost is higher. 
华 ) = (〜0, 
5s 改 / ds ako 
5 s �改 / as'ako 
as ako 2 as ako 
二 (c + d ) 务 ( � 0 . 
as ako 5s ako 
If the storage cost s (quadratic component) increases, in other words, the output gets 
less storable, then the output response is smaller, expected sales response is larger. 
Therefore, the variation in the inventory investment is small but the price response is 
greater. Suppose the supply shock is positive and storage cost is high, then the firm 
will increase production only to the extent that most of it will be absorbed by sales. 
Otherwise, there is a danger of excessive inventory investment. Hence the output and 
inventory adjustments tend to be small while the expected sales response is large. 
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F.ffect of Marginal Cost: 
We take the partial derivative of ( ^ ) with respect to c to obtain 
涨0 
！(〜二 — _ _ ^ r^lzXl±£)] 一 丄 < 0. 
d c ^ d k / ( c+d 广 Z2 - P2 c + d (Z2-P2/ 5c 
Again the underlying economic interpretation is simple. When the marginal cost of 
production is low, the value of inventories in accommodating supply shocks is 
reduced. On the other hand, the sign of the derivative, 
ac^ako^ ako ac ako 
is ambiguous. Consider adjustment in the other variables : 
ac^ako ac'ako 
We find that the responses of output and inventory investment adjustments with 
respect to the supply shock are not clear. If the production shock is relatively 
permanent (p^ is large), the response in inventory investment is small. This is 
particularly true for firms with low marginal cost of production (c is large), as orders 
can be filled by current production more easily, so that the reduction in the marginal 
cost will cause a smaller increase in inventories in these firms. However, if P2 is very 
small, the production shock is temporary, the sign may be positive which means that 
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the response of inventory investment to production shock is larger if marginal cost is 
low. 
Although the responses of output and inventory investment are not so clear, 
the price response is certainly great. For example, if the production shock is positive， 
the price will be suppressed much more because the firms will increase the sales with 
a lower marginal production cost. 
F.fPp.rt nfPem^^nd Elasticity : 
If we take the partial derivative of with respect to d，then we obtain 
涨0 
Z2-P2 c+d (z^-P2)2 ad 
The sign is ambiguous. is positive if p^  is very small; and c, d � 1 . Then， 
5d oKQ 
京、ak。） a d ' a k o " 
况、改/ ako ad ako 
！(塾)二丄！(〜） 
ad^ako^ 2 ad sk� 
are all likely to be positive for a small p: while 
二（c + d ) { ^ [ ] c + d�L(Z2-p2)2Jad} 




If the demand is originally very inelastic, the quantity changes tend to be very small 
so that the initial planned inventory level may be relatively small. As a result, a firm 
cannot use limited inventories to accommodate a sudden increase in demand. High 
marginal cost also makes it difficult to replenish its inventories immediately. Thus, if 
there is a positive production shock, the firm which faces a more elastic demand 
would not have abundant commodities for sales. The price cannot be suppressed too 
much. 
However, the sign of — ( ^ ) could be negative if c，d and p^ are sufficiently 
da oKQ 
large. Then we have: 
ad^ako ad'ako 
A ( 〜 二 - i d l ( 〜 ) > 0 ， 
ad^ako^ ako ad ako 
ad^ako^ 2 ad'ako 
皿 a d L ako 
Suppose the production is postive and the marginal cost is very low, the firm could 
sustain a great increase in sales with abundant supplements. If the demand is very 
elastic and the market is competitive, then an increase in sales would increase the 
revenue very much. The price would be easily suppressed. The price response is 
therefore greater. 
Fffect ofPeH^tpnre of Shocks： 
If we take the partial derivative of ( ^ ) with respect to p^  , then we have 
愧0 
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ap3 ako c+d (Z2-P3) 
Then 
ako ap2 改0 
丄(么)二一d上(〜)〉0， 
郎2 ak� ap2 ako 
上(塾)二丄上(〜)<0， 
2 dp, ako 
a p / ako j ( ap /ako 
Since firms do not use inventory fluctuations to buffer relatively permanent shocks, 
the expected sales and price would show greater responses. Moreover, the firm needs 
not hurry the production because the shock is not temporary. Production does not 
show volatile adjustment to the lasting shocks. 
Application of Model 
From the extended inventory model, we find that random shocks in the 
economy affect the production, sales, prices and inventory investment in various 
ways. However, we are interested primarily in the price fluctuations in the real 
property market and the implications of the different effects of market features on the 
price fluctuation that will be tested in our empirical analysis are summarized in table 
III丄 The effects of different shocks that affects the Hong Kong real property market 
can then be analyzed accordingly. For example, when the government changes 
immigration policy, housing scheme, mortgage policy，the demand and supply of the 
property will shift. In addition, the Hong Kong real property market is greatly affected 
by the foreign economies, perfomiances of other asset markets and also the China 
factors. Since different types of properties have different storage costs, marginal costs 
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of production and demand elasticities, the behaviour of prices of different types of 
properties can then be interpreted. 
Table III.l 
Summary of Effects on Price Fluctuation 
demand shock —ply shock 
storage cost l If storage cost ( s )个， If storage cost ( s)个， 
effect then price fluctuation 个 then price fluctuation 个 
marginal cost (1) initial conditions: If MCJ^  ( c)个， 
effect For small p and d，large c then price fluctuation t 
I fMCN^c)个， 
I then price fluctuation i 
p ) initial conditions: 
For large p and d, small c 
IfMCvl(c)个， 
then price fluctuation 个 
demand elasticity I If demand is more elastic ( d )个，（1) initial conditions: 
effect then price fluctuation t For small p, d, c 
If demand is more elastic ( d )个， 
then price fluctuation i 
(2) initial conditions: 
For large p, d，c 
If demand is more elastic (d)个， 
then price fluctuation 个 
persistence of | I f duration of shock ( p^  )个， If duration of shock ( P2)个， 
shocks effect | then price fluctuation 个 then price fluctuation 个 — — 
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Chapter IV. Empirical Analysis 
In the last chapter, we have set up an extended inventory model. The objective 
of this chapter is to verify the implications from the model using data on the Hong 
Kong property market. Before going into the empirical study, an overview of the 
Hong Kong real estate and property market will put the analysis in perspective. 
Overview ofPnn^ Knn^ Re^l ^^i^te and Property Market 
The significance of the property and construction sector in Hong Kong 
economy is demonstrated by its share in our GDP. Since 1980, over 24 % (averaged) 
of GDP is contributed by this sector. This is larger than any other sector of the 
economy, including the whole of the manufacturing. The contribution consists of real 
estate development and leasing，maintance and management, brokerage, architecture, 
building and construction, etc. 
In the private sector, according to the figures, the sector represented about 30 
% of the total stock market capitalization in 1989. This estimate is based only on 
statistics from the consolidated enterprises such as Cheung Kong, Sun Hung Kai, etc. 
On the conservative assumption that two-thirds of the business of these companies is 
property related, the share in total market capitalization would be up to 45 %. Besides 
the security market, the property and construction sector can borrow money from 
banks. Approximately 30 % of bank lending is to this sector，which also includes 
individual loans for the purchase of residential property. In fact, people who are living 
in private housing are spending nearly 30 % of their household income on housing. In 
addition, over 60 % of investment expenditure is in the form of property. It generates 
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a great demand for labour. Among every twelve employed person in Hong Kong, 
i 
about one is employed in the property and construction sector. 
In the public sector, the government has spent nearly 30 % of her expenditure 
on property on vast infrastructure and public housing, etc. Meanwhile, government 
revenue from property and construction related items, which include land sales, 
property tax, general rate, estate duty, stamp duty, etc., has averaged approximately 
40 % of total revenue. 1 
The Hong Kong property market has a history as long as that of the territory 
itself. Before the Second World War, Hong Kong was a commercial city confined to a 
relatively small area to the northern edge of Hong Kong Island and the southern tip of 
the Kowloon peninsula surrounded by rural area. The inflow of population from 
China after the communist take-over and the rapid development of manufacturing in 
the 1950s expanded the boundary of the city but there was still a large rural zone. By 
the late 1960s and 1970s, competing demands from commerce, industry and 
residential needs forced the development of a series of commercial and industrial 
centres in the rural area. More and more satellite towns formed around the high 
density central city. Hong Kong was becoming highly urbanized and the infrastructure 
was improving. However, the Hong Kong economy and its property market has been 
lashed by a series of events within this period. In 1967，there was a riot associated 
with the Cultural Revolution. In 1973, there was the Oil Crisis. 1984 marked the 
signing of the Sino-British Declaration. In 1987, the worldwide stock market crash 
greatly redistributed the wealth of people. In 1989, everyone witnessed what was 
happened in the Tiananmen Square. We may observe that there were significant 
iThe figures for the first two paragraphs are obtained from Walker (1990), pp. 19-42. 
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fluctuations in the property market in the 1980s. Therefore, the period chosen for the 
empirical study in this thesis is mainly the last decade. 
The whole property market is composed of various sub-markets. As 
mentioned before, there are the commercial sector, the industrial sector and the 
residential sector. The following is a simple description of these sectors. 
The tertiary sector of the economy is now the fastest growing sector. Frequent 
trading activities from the office based services has created a strong demand for office 
space. Nowadays the office rental levels of Tokyo, London and Hong Kong are 
among the highest in the world. In terms of prime office yields, Hong Hong has 
ranked the highest.^ 
In Hong Kong, offices are graded as follows^: 
Grade A: well constructed, designed and managed，centrally air-
coinditioned premises in suitable locations within the district. 
Grade B: less superior buildings in good locations or high quality 
buildings in secondary locations within the district, with or 
without central air-conditioning. 
Grade C: poorer buildings on less attractive sites within the district. 
There are three main commercial locations, Central and Wan Chai/Causeway Bay on 
Hong Kong Island and Tsim Sha Tsui on the Kowloon Peninsula. Most of the Grade 
A offices concentrate in these locations. In the Central District, where supply is 
particularly limited, the rents and capital values are much higher than the others. In 
2The source is International Property Bulletin 1990，Hiller Parker. 
3see Hong Kong Property Review. 
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addition to increasing rents，other operating expenses are also escalating because of 
high inflation rates and interest rates and shortage of labour which resulted in higher 
wages that must be paid in order to keep or attract workers. A direct solution for 
reduicng the cost of operation is moving the labour intensive support units to a 
cheaper location. The businessmen whose major bases are centrally located may 
decentralize their offices to a fringe location or some industrial areas. In fact，the 
increasing costs in Central have already forced a lot of companies to look for 
alternative locations. Initially the spillover is distributed into Wan Chai，Causeway 
Bay and Sheung Wan on the northern coast of the island and Tsim Sha Tsui, Yau Ma 
Tei, Mongkok on Kowloon. However, with the rapid rise in rents in these areas, the 
commercial districts spread even further to new satellite office areas such as Quarry 
Bay on the eastern part of Hong Kong Island, Cheung Sha Wan, Kowloon Bay of 
Kowloon Peninsula and Kwai Chung, Shatin in the New Territories, where the quality 
of offices supplied is lower and most of them are classified as Grade B and Grade C 
offices. 
In spite of the increasing importance of the service sector, manufacturing is 
still a mainstay of the Hong Kong economy. Because of abundant supply of cheap 
labour in China and her continuous open policy, more and more businessmen have 
moved their plants into the mainland, especially in the Guangdong Province. There is 
a likelihood that the industries will develop towards high value added high technology 
products and services even though this process is just beginning. If the economic 
performance is good, then it can maintain the demand for industrial premises. Light 
industry has been dominating the secondary sector. The market for industrial 
properties in Hong Kong is probably unique. A number of flatted factories are located 
in high rise buildings. Many small companies can start labour intensive businesses 
easily. The larger firms which utilize more mechinery may occupy one or more floors. 
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Traditional industrial zones in urban area are quite old, for example, Kwun 
Tong，San Po Kong in Kowloon and Aberdeen and Chai Wan on Hong Kong Island. 
The supply of industral property in these areas is very limited. Some relative new 
districts like Cheung Sha Wan, Tsuen Wan also have similar situation unless there is 
renewal programme. Of course, the number of industrial premises in the New 
Territories may be larger. The location of factory is very important in determining its 
capital value and rental levels. It is very convenient if the property is close to some 
economic facilities and transportation such as MTR station, container terminal, 
airport, etc. 
The third sector is the residential sector, which the public is most concerned 
about. Residential accommodation in Hong Kong is catagorized by size into five 
distinct classes: A，B, C, D and E. Under the Rating and Valuation Department's 
definitions, these are as follows : 
Class A saleable area of less than 39.9 sq.m 
Class B saleable area of at least 40 sq.m but not exceeding 69.9 sq.m 
Class C saleable area of at least 70 sq.m but not exceeding 99.9 sq.m 
Class D saleable area of at least 100 sq.m but not exceeding 159.9 sq.m 
Class E saleable area of at least 160 sq.m 
Generally, domestic housing units fall within the A to C categories and 
luxuary residential accomodations fall into the D and E categories. In the early stage 
of development, Class A accommodations might be enough for Hong Kong people. 
However, dramatic expansion of the population since the 1950s has forced the 
government to undertake far more public housing developments. In the 1970s，the 
New Towns Programme was emphasized. This move by the government created 
50 
major opportunities for developers. The small-to-medium residential home sector is 
the main market for the developers. We may note that the developers have been 
following the lead of the government and a number of private estates have been built 
up in the new towns. 
The large population is one reason for the housing problem. Moreover, the 
demand is increasing while population growth has been stable in recent year. It is 
because the people are richer. They want to have more living space with better 
environment. In addition, there is a trend for the new couples to move away from the 
traditional Chinese extended familiy towards the formation of nuclear units. The 
economic development of Hong Kong over recent decades has also acted as a catalyst 
to the expansion of the luxuary housing market. It is anticipated that the influx of 
professional staff associated with Hong Kong infrastructure projects will generate a 
great demand for luxuary residential units, especially in the rental market because 
many of then are given generous housing allowances as part of their wage packages. 
For a number of reasons, the Hong Kong Property market described above 
provides a good context for testing the existence of bubbles or market volatility. We 
find that supply of property is inelastic so that a bubble may be generated easily. 
Nowadays, the prices of the properties, especially those in the residential sector, are 
said to be rising without a limit. The people often complain that they cannot buy their 
own flats due to the sharp rise in property prices. Some people argue that the property 
market is volatile because a bubble exists. On the other hand, Hong Kong is a small 
and open economy, its property price is always affected by many exogenous shocks. 
This provides enough variation in the data to test whether the price volatility in 
property market can be attributed to various shocks as implied in the model outlined 
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in the last chapter. These alternative hypotheses would be verified by the empirical 
analysis in the following section. 
Data 
Data on the Hong Kong property market can be obtained from various 
sources. In the private sector, international property agencies may have their own 
database for business analysis. However, they may not put stress on Hong Kong. 
Some well established local property agencies may have detailed figures but their 
histories are relatively short. Moreover, most of them are based on the government 
figures. Our data is from the public sector. The average prices and rentals of different 
sectors of Hong Kong property market are in various issues of "Hong Kong Property 
Review" published by the Rating and Valuaiton Department of Hong Kong. 
Our data range is from the first quarter of 1982 to the fourth quarter 1991 and 
only private properties are included. It includes prices and rents. They are both 
deflated for obtaining the real values. It is divided into three main categories, 
commercial, industrial and domestic or residential. In the commercial sector, we only 
consider the offices. The districts include Central, Sheng Wan, Wan chai, Tsim Sha 
Tsui and Yau Ma Tei. In the industrial sector, the flatted factories are considered. 
REgional differences are taken into account by further splitting the data into Hong 
Kong Island, Kowloon, New Kowloon and the New Territories. In residential 
category, Class E accommodation is taken out because there are fewer transactions. 
Meanwhile the data is again splitted into Hong Kong, Kowloon, New Kowloon and 
the New Territories. 
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In the following, I would apply a modified volatility test which is similar to 
Shiller's Test and the concept of cointegration in the study of Hong Kong property 
market. If the volatility test shows the excess volatility in the market and the 
cointegration test suggests that the price behaviour do not cointegrate with the 
fundamental rental movement, then a bubble phenomenon may exist in Hong Kong 
real property market. 
Volatility Test 
We have discussed in Chapter II that the main weakness of the Shiller's Test is 
the assumption of stationarity of both prices and rents in the property market. 
Mankiw, Romer and Shapiro4 have modified it such that nonstationarity would pose 
no difficulty for the existence of the conditional expectations. My test here is similar 
to the new test. If the inequality in the volatility test holds, it means that excess 
volatility does not exist in the market. However, if the inequality is violated, the 
excess volatility may be explained by the bubble phenomenon. 
Let ？^ be the perfect foresight property price. That is, 
Ptd 二 
k=0 
where R^  is the rent collected in period i; 
PT is the price of the property sold out at time T; 
6 is the discount factor or l/(l+r), where r is the interest rate or return rate. 
Besides the perfect foresight prices and rents, we assume that there is another 
forecasting method on property prices, 
^Mankiw, Romer and Sapiro (1985). 53 
Pt�二 |>k+lRt_i 
k=0 
二 " V t - 1 . 
1 - 5 ‘ 
This ingenuous forecast may be arbitrary and inefficient but it is possible. We assume 
that some people have used the past information to valuate property prices. In the 
above formulation, the reference for forecasting is the previous period's rent. 
Consider the identity: 
Ptd 一 Pt�二 (Ptd_Pt)+(Pt_Pt�). （IV.l) 
where P, is the current market price at time t. P, 二 EtCP；^ )，as the cuirent observed 
property price is the expectation of the perfect foresight price conditional on available 
information at time t. Thus, the random error of is uncorrelated with the 
information available at time t since P,, are known at time t, 
Et[(Ptd - W _ P t � ) ] = 0. 
Squaring both sides of (IV.l) and taking the expectation, 
Et(Ptd - Pt�) 二 Et(Ptd - Pt)2 + Et(Pt - Pt°)2. (IV.2) 
From this equality, it is obvious that 
Et(Ptd-PtY 之 Et(Ptd-Pt)2 (IV.3) 
and E t ( P t d - P t � ) 2 _ t - P t � ) 2 . (IV.4) 
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Expression (IV.3) tells us that the market price is a better forecast of the perfect 
foresight price than is the ingenuous forecast because there is less inherent noise in it. 
If the ingenuous forecast is better, the inequality is violated. The implication of(IV.4) 
is similar to Shiller's Test. It states that the perfect foresight price is more volatile than 
the market price with the ingenuous forecast as the reference. If inequality (IV.4) is 
violated, then excess volatility exists in the property market. It will be an evidence for 
the existence of bubble phenomenon. 
We apply the test to twenty eight sub-categories of Hong Kong property 
market, eight of them are commercial, four sectors are industrial and the remaining 
belong to the domestic or residential sector. We use various values of discount rate or 
interest rate, which ranges from -2.0 % to 10.0 %. Since the real prices and rentals are 
used, the discount rate is also real. 
The results are presented in the following twenty eight tables. We find that the 
inequalities (IV.3) and (IV.4) are sometimes violated but the situation is not as serious 
as that for Shiller's Test. For (IV.3), it is violated when r is very large. In the 
commercial sector (Table IV.1-IV.8), the inequality holds until the discount rate, r is 
greater than 6-7 %• In the industrial sector (Table IV.9-IV.12)，when the rate is greater 
than 5-6 %, the inequality will be violated. In the domestic sector (Table IV.13-
IV.28), inequality (IV.3) is violated when the rate is greater than 4 %. For the 
inequality (IV.4), it still holds when the discount rate is negative but ambiguity exists 
when the rate is positive. Therefore, the evidence of market volatility is not strong 
enough. It implies that the bubble phenomenon may not be present in the property 
market. 
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Table IV. 1 
Sheung Wan Grade B Office 
“ E [ P � p E [ P d - P P E[P-P0]2 
H o 7,116,158 185,448 S M ^ 
-1.5 10,902,554 169,723 9,116,369 
-1.0 21,071,460 155,287 18,803,726 
-0 5 72,144,967 142,041 68,192,412 
0.5 52,249,253 118,760 ；H 二，〒？7 
1 0 11,047,298 108,561 12，306，127 
1:5 4,134,565 99,225 844,637 
2.0 1,950,006 90,689 二，^巧巧 
3.0 602,231 75,761 二 f 
4.0 233,351 63,348 ；二= 
5.0 104,082 53,078 ^40,403 
6.0 53,193 二 
7.0 32,334 37,750 2^12/ 
8.0 24,065 32,193 ^,176 
9.0 21,317 27,768 3 二 
10.0 20,993 24,308 3,884 
Table IV.2 
Wan Chai Grade B Office 
I f F l F ? 
8：®^ = 二 
-1.5 13,095,003 246,100 ； 
1 0 25 133 789 225,478 22,190,513 
：0,5 206,518 S0,32J085 
0.5 60,951,486 173，082 72 ,916 
1.0 12,791,006 158,382 14,393 928 
1 c 4 753 115 144,890 5,650，159 
20 2：227；588 132,515 2:，7= 
3 . 0 6 8 3 , 0 2 2 n0，781 
4.0 267,018 92,575 二，二 
5.0 124,147 77,384 15〉二 
6.0 69,361 64,767 66905 
7.0 47,710 54,351 ^6,495 
8.0 39,616 45,816 9 f 9 
9.0 37,262 38,887 ^,499 
10.0 37,293 33,330 5,409 
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Table IV.3 
Tsim Sha Tsui Grade B Office 
IIO 10,458,258 “ 3 2 ^ 8,110,308 
-1 5 15,943,271 305,950 13,151，366 
-1 0 30,592,526 284,589 26,872,864 
-0.5 103,729,586 264,589 97,152,411 
0 5 73,013,950 228,345 069,692 
1 0 15,137,805 211,950 17,331,505 
1 5 5,532,082 196,614 6，790,460 
2.0 2,535,834 182,273 
3 0 728,849 156,341 1，101，924 
4.0 258,984 133,714 巧巧。 
5 0 107,780 114,008 185,211 
6.0 56,816 96,883 77,346 
70 42,015 82,040 30,009 
8.0 40,950 69,215 ！二二 
9.0 44,910 58,175 
10.0 50,319 48,713 7,191 
Table IV.4 
Yau Ma Tei Grade B Office 
^ 
" " " " 6： ^ ^ ^ ！ ^ 
1 5 9 912 977 183,711 8,177，430 
.1 0 19,189,128 171,228 16,863,494 
-0.5 65,721,706 159,524 
0 5 47 429 425 138,271 50,658,453 
1:0 9:987:442 128,636 1;, 二二 
1.5 3,716,592 119,609 》二’二 
2.0 1,740,015 11U53 2,269 5^2 
3 0 527 313 95,820 780,828 
4:0 200:328 82,389 ^^8,058 
5 0 88,912 70,640 149,704 
6:0 47,299 60,378 ^^,679 
70 31,959 51,433 31,561 
80 27,296 43,654 13，387 
90 27,057 36,907 5,422 
lo'.O 28,554 31,075 2,938 
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Table IV.5 
Sheung Wan Grade C Office 
r w E [ p d - p o ] 2 E[p^-pr E[p-pu]2 
H o 3,853,856 “ 1 7 ^ 2,699,241 
-1.5 5,687,791 156,283 4,336,423 
-1.0 10,541,143 143,205 8，770,218 
-0.5 34,424,333 131,162 31,347,060 
0 5 22,243,404 109,875 24,518,790 
1 0 4,390,559 100,488 5,356,083 
1.5 1,520,241 91,856 060,333 
2 0 657,104 83,919 992，173 
3：0 166,715 69,927 ^二二 
4.0 54,533 58,136 1^4,579 
5.0 25,553 48,225 f ' ^ l O 
6.0 19,885 39,921 
7.0 21,181 32,991 ，，二 
8.0 24,267 27,237 
9.0 27,420 22,489 
10.0 30,097 18,601 5，419 
Table IV.6 
Central Grade C Office 
" " " -
1 5 11 262 471 188,147 9,567,851 
10 21，761，009 172,646 19,542,847 
_0:5 74:476:927 157,400 二 i 
0.5 53,871,864 133,297 9 
1.0 11,379,840 122,269 ，二 
1.5 4,253,873 112,154 丨， 
2.0 2,003,122 102,884 2A25 642 
3.0 615,759 86,626 二，二 
4.0 236,782 73,039 9 二 
5.0 104,380 61,735 136 
6.0 52,522 52,383 二 
7.0 31,458 44,699 ？》二 
8.0 23,266 38,442 10 二 
9.0 20,689 33,405 ^,578 
10.0 20,559 29,411 7,989 
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Table IV.7 
Wan Chai Grade C Office 
^ E D ^ 
IIO 5,790,472 197,102 4,383,646 
-1 5 8,747,097 180,719 7,096，001 
-1.0 16,643,212 165,639 14,472，343 
-0.5 56,001,866 151,762 52,214,425 
0 5 38,931,642 127,257 41,763，605 
1 0 8,035,696 116,466 9,246,933 
1 5 2,927,882 106,551 3,612，394 
20 1,340,479 97,446 1,770,941 
3.0 386,969 81,425 580,032 
40 139,674 67,966 228,531 
5 0 59,540 56,697 95，696 
6 0 31,698 47,301 39,667 
7 0 22,678 39,508 15,577 
8 0 20,848 33,086 6,223 
9.0 21,720 27,837 4,110 
10.0 23,460 23,592 5，673 
Table IV.8 
Tsim Sha Tsui Grade C Office 
r w — E p - p u r 
To 7 249 429 238,978 5,389,104 
：1'5 11；004；726 219,295 8，798,349 
-1 0 21,047,206 201,140 18,112,283 
-0 5 71,205,047 184,396 66，017,639 
0.5 50,066,659 154,726 54，068,192 
1 0 10,393,324 141,611 12,137,560 
I's 3,807,556 129,528 4,815,200 
9 0 1 751 472 118,400 2,401,742 
t o ，507’’650 98,729 820,099 
4 0 180,622 82,092 341,208 
5*0 72,647 68,054 153，691 
60 34,052 56,244 70,270 
70 20,861 46,347 31，055 
8.0 17,630 38,090 2^,784 
9 0 18,309 31,242 5，175 
10.0 20,379 25,603 3，247 
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Table IV.9 
Hong Kong Flatted Factory 
e F ^ 
IZO 29,961 652,153 
-1.5 1,357,140 27,467 1,065,595 
-1.0 2,584,477 25,167 2,195，565 
-0.5 8,699,674 23,046 8，010,146 
0.5 6,038,160 19,289 6,573,891 
1.0 1,242,935 17,629 1,477，437 
1 5 450 735 16,099 586,843 
20 204,786 14,690 293,089 
3.0 57,375 12,201 l O O ^ 
40 19,385 10,095 41,885 
5:0 7,241 8,318 18 二； 
6.0 3,152 6,823 巧^ 
7.0 1,942 5,570 巧巧 
8.0 1,817 4,525 1，5二 
9.0 2,089 3,657 
10.0 2,475 2,941 273 
Table IV. 10 
Kowloon Flatted Factory 
^ E P ^ 
^ ^ 9 9 ^ 33：^ 725,436 
1,505,026 30,772 1，180,836 
-1:0 2,857,054 28,370 冗二?? 
-0.5 9,573,554 26,138 丨,二’二 
0.5 6,550,244 22，140 了’ 53 3二 
1.0 1,334,300 20,352 二’巧 
1.5 477,472 _ 二，二 
2.0 213,331 17,153 
3.0 57,036 14,401 105J99 
4.0 17,990 12，038 
5.0 6,216 10,012 19316 
6.0 2,739 8，279 
7.0 2,109 6,803 '899 
8.0 2,471 5,549 1，二 
9.0 3,134 4,488 
10.0 3,828 3,597 860 
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Table IV. 11 
New Kowloon Flatted Factory 
r w " E D ^ 
^ “ ^ ^ ^ _ / 二 
-1.5 1,300,736 30,380 
-1.0 2,462,475 27,909 》二，二 
-0.5 8,232,643 25,626 
0.5 5,616,16。 21,566 ，二, 二 
1.0 1,143,351 19,765 1,3】5 二 
1.5 409,165 18,102 
2.0 182,942 16,566 
3.0 49,058 13,840 
4.0 15,497 11,520 ^于 
5.0 5,258 9,548 H 二 
6.0 2,124 7,876 ，二 
7.0 1,440 6,461 , 二 
8.0 1,625 5,268 
9.0 2,085 4,266 
10.0 2,591 3,428 505 
Table IV.12 
New Territories Flatted Factory 
-1,5 725,675 9,908 
-1.0 1,413,228 9,182 盟 79 
-0.5 4,869,244 
0.5 3,553,140 7,274 3, 二 
1.0 751,579 6,720 二 
1 5 280 566 6,203 339,244 
0 f 3 ? : 4 8 5 5,720 二 
3 0 39 454 4,850 58,635 
40 ?4：369 4,094 二 
5.0 5,713 3,438 1 
6 0 2 431 2,872 5,243 
f o 1 198 2,385 2,346 
8 0 8 1 4 1 《 6 了 『 2 ; 
9 0 791 1,611 322 
100 915 1.308 110 
61 
Table IV. 13 
Hong Kong Private Domestic Class A 
" " " ^ 
IZO 2,936,114 155,496 
-1 5 4,278,762 143,065 2,992,394 
-1 0 7,807,328 131,582 6,100,549 
-0 5 25,007,299 120,976 22，000，157 
0*5 15 279 253 102,132 17,578，020 ？0 93,776 3,889,480 
1 5 948,052 86,060 1,518,348 
2：0 379,729 78,935 
3.0 74,094 66,289 
4.0 14,222 55,521 
5 0 4,560 46,363 39,804 
6:0 7,153 38,584 1J3二 
7.0 12,325 31,991 冗巧 
8.0 17,353 26,413 g 二 
9.0 21,531 21,709 
10.0 24,779 17,756 2,416 
Table IV. 14 
Hong Kong Private Domestic Class B 
^ 
-1.5 4,272,888 145,270 工^，；^  
1 0 7 793 407 133,645 6,103,172 
：0.5 21；952：687 122,905 〒二，： 
0.5 15,235,557 103,818 
1.0 2,885,195 95,353 二 
1.5 945,283 87，534 l，==3j 
2.0 378,870 0^,314 ；•二 
3.0 74,385 67 m 2 , 
4 . 0 1 4 , 7 7 7 5 6 , 5 7 3 二 
5.0 5,158 47,281 .;，= 
6.0 7,725 39,385 15 3 � 
7 0 12 849 32,687 5,532 
8 0 17:824 27,019 ；，二 
9.0 21,949 22,234 i'^lO 
10.0 25,148 18,210 2,309 
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Table IV.21 
New Kowloon Private Domestic Class A 
E[pd-p0]2 E [ p - p u r 
3,406,228 I ^ r a 2,233,780 
-1.5 5,027,099 147,629 3,634,541 
-1.0 9,309,289 135,783 7,454,272 
-0.5 30,342,258 124,839 27,059,126 
0 5 19,412,499 105,390 21,950,666 
10 3’792’’970 96,763 4,900,042 
1:5 1:292’,092 88,797 1,931,722 
2 0 544 158 81,440 956,665 
3*0 123:837 68,379 321,011 
4.0 30,705 57,257 130，460 
5 0 8,620 47,796 56,858 
6 0 5,972 39,761 24,760 
7.0 8,829 32,951 10,144 
8.0 12,865 27,192 3,729 
9.0 16,686 22,336 1，432 
10.0 19,893 18,258 1,292 
Table IV. 16 
Hong Kong Private Domestic Class D 
^ " " " " " 
：^4,164,TO 1 5 ^ 2,856,634 
-1 5 6,245,692 144,688 4,682,353 
-1 0 11,777,428 132,932 9,680,629 
-0 5 39,189,635 122,077 35,450,163 
0*5 26,399,962 102,802 29,344,392 
1 0 5 329 034 94,262 6,627,743 
1*5 1:886:945 86,381 2，647,096 
2 0 832,416 79,110 1，330，192 
3 0 214,474 66,218 462,234 
40 63,084 55,262 196,609 
5 0 18,811 45,966 91,108 
60 6,560 38,095 43,221 
7 0 5,018 31,445 20,011 
8 0 7,046 25,846 8,616 
9 0 10,033 21,148 3,317 
lo'.O 13,005 17,225 1,321 
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Table IV. 17 
Kowloon Private Domestic Class A 
" " " " 7 ( % ) 
：^ 3,230,702 1 2 ^ 2,193,011 
-1.5 4,830,589 117,749 3,591,014 
-1.0 9,078,377 108,186 7，416，610 
-0.5 30,092,254 99,352 27,130,135 
0.5 20,076,958 83,656 22,406,650 
1.0 4,027,969 76,695 5,054,868 
1.5 1,415,892 70,268 2，016，519 
2.0 619,142 64,335 1,012，140 
3 0 155,732 53,805 350,959 
4 0 44,137 44,844 149,067 
5.0 12,536 37,228 69,116 
60 4,501 30,768 32,975 
7.0 4,152 25,299 15,565 
8.0 6,236 20,682 7,103 
9 0 8,869 16,798 3,246 
10.0 11,368 13,543 1,876 
Table IV. 18 
Kowloon Private Domestic Class B 
：^ 2,339,995 ‘ 100,870 1,552,232 
-1 5 3,487,193 92,958 2,545,469 
-1 0 6,529,180 85,640 5，265,747 
.0 5 21,550,860 78,874 19,297,021 
0 5 14,230,470 66,828 16,005,884 
1 0 2,836,998 61,476 3，620，179 
I's 990,011 56,528 1,448,423 
20 429,302 51,952 729,448 
3 0 105,825 43,812 255,075 
4:0 29,394 36,859 IJ?，^ 
5 0 8,533 30,925 51,689 
6 0 3,773 25,867 25,303 
70 4,112 21,561 12,446 
8 0 5,963 17,902 6,079 
9 0 8,065 14,801 3,068 
lo'.O 9,983 12,180 1,882 
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Table IV.21 
New Kowloon Private Domestic Class A 
E[P-PT 一 
2,976,061 1 4 ^ 1,911,913 
-1.5 4,381,017 134,843 3,115,457 
-1.0 8,088,409 124,221 6,400,229 
-0.5 26,268,315 114,402 23,276,012 
0.5 16,645,039 96,937 18,966，102 
1.0 3,230,984 89,183 4，245，274 
1.5 1,091,587 82,017 1,678,821 
2.0 454,855 75,394 834,436 
3.0 100,191 63,622 282,613 
4 0 23,445 53,578 116,411 
5.0 6,332 45,015 51,798 
6 0 5,192 37,725 23,350 
7.0 8,369 31,527 10，195 
8.0 12,307 26,268 248 
9.0 15,900 21,817 1,943 
10.0 18,859 18,060 1,563 
Table IV.20 
Kowloon Private Domestic Class D 
E [ p - n 2 一 
：^ 2,548,888 73：^  
-1.5 3,854,379 67,346 3,042，457 
-1:。 7,337,673 61,301 。^泛= 
-0.5 24,685,669 55,744 巧，^ ^^ ^ 
0.5 17,097,334 45,947 
1.0 3,513,177 41,640 
1 270 845 37,688 1，648,375 
2.0 二 34,064 f0 ,149 
3.0 159,365 27,701 7^8,347 
4.0 52,636 22,373 g 
5.0 18,809 17,930 5 ^ 2 
6.0 7,628 14,243 22910 
7 . 0 4 , 4 9 7 n，2 0 1 9 f 9 
8.0 4,370 8,710 ， 
9.0 5,312 6 690 '495 
10.0 6,548 5,073 1,018 
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Table IV.21 
New Kowloon Private Domestic Class A 
： ^ 2,583,577 U V ^ 1 风 8 8 3 
-1.5 3,806,921 108,156 2,736,713 
-1.0 7,034,448 99,311 5，606，405 
-0.5 22,860,077 91,143 20，327，737 
0.5 14,485,552 76,636 16,452,715 
1.0 2,808,270 70,207 3,668,894 
1 5 946,000 64,273 1,445,039 
2.0 391,882 58,797 715,127 
3 0 83,503 49,083 239,893 
4 0 17,042 40,824 97,780 
5.0 2,459 33,811 43,074 
6.0 1,748 27,867 19，336 
70 4,764 22,841 8，618 
8 0 8,413 18,603 3，991 
9 0 11,738 15,042 2,412 
10.0 14,488 12,063 2,423 
Table IV.22 
New Kowloon Private Domestic Class B 
" " " " r w 
Ho 2：034：^  - 1 风 二 
.1 5 2,969,279 97,739 2,080，790 
-1:0 5,428,125 89,901 4,247,1 
-0 5 17,422,025 82,659 15,336,9 0 
0：5 10,692,829 69,784 
1.0 2,030,025 64,072 丨，^冗二 
1.5 666,455 58,796 1, 二 
2.0 267,302 53，922 4^,085 
3.0 51,769 45,267 172620 
4.0 9,075 37,891 •二 
5.0 1,912 31,613 29 112 
60 3,525 26,277 12，439 
70 7,053 21,750 5,171 
8:0 10,542 17,918 ^,282 
9 0 13,473 14,682 1,553 
lo'.O 15,774 11.961 1,926 
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Table IV.21 
New Kowloon Private Domestic Class A 
E[p(p0f E[P-PU]2 
5:0 2,483,039 n ^ 1'652,546 
-1.5 3,663,883 103,927 2,679,319 
-1.0 6,783,094 95,338 5,474,352 
-0.5 22,100,880 87,408 19,789,719 
0.5 14,124,402 73,333 15，902,281 
1 0 2,757,345 67,098 3,530,633 
1.5 ，938:149 61,346 1,383,567 
20 394,392 56,040 680,686 
3 0 89 139 46,636 224,908 
40 21:701 38,649 89，682 
5.0 5,834 31,877 38,198 
60 4,040 26,146 16,231 
70 6,211 21,309 6,592 
8 0 9,213 17,240 2,672 
9 0 12,041 13,831 1，584 
10.0 14,411 10,987 1，949 
Table IV.24 
New Kowloon Private Domestic Class D 
I i r 2 , 6 8 1 , 2 7 1 “ W 1'974,459 
_1 5 4,046,625 72,207 3,207,973 
-1 0 7,685,468 65,683 6,569,262 
.o's 25,781,531 59,683 23,807,195 
o's 17 715,678 49,104 19,242,082 
1 0 3,620,257 44,452 4,286,705 
1 5 1,300,429 40,184 1,686,269 
20 583,475 36,269 833,180 
3 0 157,139 29,395 278,178 
4 0 49,237 23,640 112,459 
5 0 15,837 18,842 48，798 
60 5,332 14,862 21,262 
7 0 2,830 11,581 8,893 
8 0 3,226 8,898 3，608 
9 0 4,589 6,726 1，864 
lo 'o 6,156 4,991 1，959 
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Table IV.25 
New Territories Private Domestic Class A 
E P W " 
I l o 1,829,241 r i ^ 1，228,334 
-1.5 2,698,073 72,053 1,980,462 
-1.0 4,981,873 67,065 4,021，491 
-0.5 16,144,891 62,393 14,438，775 
0.5 10,093,032 53,925 11，417,404 
1 0 1,933,241 50,093 2,510,805 
1 5 640,339 46,506 973,338 
2.0 259,219 43,150 472,991 
3 0 51,456 37,074 151,570 
40 9,709 31,762 57，956 
5 0 2,675 27,124 23,258 
6:0 4,421 23,080 》二 
70 8,171 19,561 3，322 
8.0 11,943 16,505 ；'^ 06 
9.0 15,180 13,858 ^巧 
10.0 17,783 11,571 2，173 
Table IV.26 
New Territories Private Domestic Class B 
^ E[p-pu]2 
: i O 1 ： 6 0 ^ - ^ ！，二 2 
-1.5 2,332,899 82，050 ^泛二 
-1.0 4,219,114 76,601 
-0.5 13,340,631 71,491 二〒，二 
0.5 7,808,744 62,209 丨 
1.0 1,429,688 57,999 1, 二 833 
1.5 447,096 54,052 ；^二 
2.0 167,948 50,353 二’二 8 
3.0 26,596 f / 3 8 1 ， 二 
4.0 4,639 37,745 二二^ 
5.0 5,138 32,576 1，，二 g 
6.0 10,073 28,047 
7.0 15,190 24,084 2^92 
8.0 19,484 20，62� l , m 
9.0 22,823 17,597 ？'^ 23 
10.0 25,317 14,965 3,459 
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Table IV.27 
New Territories Private Domestic Class C 
" " " " E[P-PU]2 
IZO 1,452,733 31,866 1肩 ,269 
-1.5 2,198,015 29,228 1,787,376 
-1.0 4,179,459 26,777 3,630，710 
-0.5 14,015,485 24,502 13，041,667 
0.5 9,570,636 20,433 10,326,448 
1 0 1,943,009 18,619 2,273,100 
15 ’691,411 16,940 882,303 
2:0 306:276 15,387 429,465 
3 0 79,387 12,627 138,332 
4 0 23,492 10,281 53,406 
5 0 7,201 8,298 21,855 
6.0 2,851 6,631 8，907 
70 2,524 5,243 3,618 
8 0 3,539 4,098 1，817 
9 0 4,905 3,165 UOO 
10.0 6,247 2,419 2,414 
Table IV.28 
New Territories Private Domestic Class D 
" " " " ^ " " " " e D W 
： ^ 1,526,624 ^ 45019 1,116,945 
-1:5 2,286,771 41,759 ；'^98,461 
-1 0 4,298,922 38,531 3,646,611 
_0'5 14228,886 35,520 13,072,019 
••5 9 403 347 30,097 10,298，997 
1:0 1:869:773 27,661 2,J 二 
1 5 649,075 25,392 874,120 
2:0 279,077 23,280 ^23 690 
3.0 66,754 二 1 , 
4.0 17,636 16,221 51244 
5 0 5,060 13,407 20,416 
6：0 2,936 10,996 ,^949 
7 0 4,010 8,937 3,004 
8 0 5,933 7,188 1，461 
90 7,895 5,713 1,545 
10:0 9,628 4,478 2,420 
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Cointegration Test 
Cointegration is the study of the relationships of some integrated processes in 
the sense of long-run or steady state equilibrium. It was originally developed by 
Granger (1981)，and greatly extended in Engle and Granger (1987). A valuable 
elementary discussion of the concept may be found in Granger (1986) and its 
implications on the econometric modelling are discussed in Hendry (1986), 
Before understanding the the concept of cointegration, let us revise the 
concept of stationarity^ and integration. If a time series x, is 1(0)，then it is stationary, 
wheras if it is 1(1)，its change, is stationary. Their properties are 
summerized as below: 
If Xt�1(0), then 
(1) the mean, E(Xt), is constant and independent of time, 
(2) the variance, E[XrE(Xt)]2, is also finite and does not vary 
systematically with time, 
(3) the covariance, Yk=cov( is invariant with respect to time, 
(4) the autocorrelations, p,=cov(x,,x,J/[var(x^var(x,.,)]i/2 are also time 
invariant, they decrease steadily as k increases, 
( 5 ) an innovation has only a transitory effect on the value of x^ . 
It Xt�1(1), then 
(1) the mean, EOO, is varying with time， 
(2) the variance, E[x,-E(xt)]^ would be infinite as x, goes to infinity when t 
goes to infinity. 
5The above articles are collected in Engle and Granger (1991). , ^ ^ ^ , , 
6The word stationarity usually refers to weak stationarity which requires that only the first and second 
moments of the time series do not depend on time. However, a time series is said to be strictly 
stationary if the properties of its elements are time ^ variant. 
(3) the covariance, 丫k=cov( is not invariant with respect to time, 
(4) the autocorrelations, Pk=c0v(xt,xt_k)/[var(x>ar(xt_k)]"2 would approach 
to 1 for all k as t goes to infinity. 
(5) an innovation has a permanent effect on the value of x^ . 
Consider two series，xt and yt, both non stationary, and integrated of the order d and b 
respectively, i.e. xt~I(d) and yt�1(b). It means that we have to difference x, d times 
and yt b times in order to achieve the properties of stationarity, i.e. A^Xt�1(0), A^Yr 
1(0). It is generally true that any linear combination of the two series, 
zt 二yt-axt, (IV.5) 
will be integrated of the highest of the two orders of integration, i.e. 
Zt �I[max(d,b)]. 
However, if there is cointegration between the two time series, then z,~I(d-b) for 
d > b . For simplicity, suppose d=b=l, we would obtain z,~I(l) if x^  and y^  are not 
cointegrated, whereas if cointegration exists between the two time series processes, 
then zrl(O) would be result. The implication is that two time series x, and y^  must 
therefore have long-run components that virtually cancel each another to produce z,. 
Now the parameter a in (IV.5) is called the cointegrating parameter; more generally, 
(1,-a) is called the cointegrating vector‘ To test the existence of cointegration, it must 
first be determined whether the two series x, and y, are 1(0) or 1(1) or even higher 
order. It is equivalent to checking whether x, and y, contain unit roots. The theory and 
practice of testing for unit roots are usually in the literature of stationarity and 
cointegration. 
The common unit root test is the Dickey-Fuller Test?. This test is applied to 
the following equation: 
7see Dickey and Fuller (1979) for details. ^^ 
AXt 二 [I + 5Xt_i + St. 
In our analysis, the Augmented Dickey-Fuller Test^, which uses lagged left-hand side 
variable as additional explantory variables in order to achieve greater efficiency, is 
adopted. 
k 
AXt 二 + (pxt-i + E ^i^^t-i + St. 
i=l 
where k should not be too large such that we lose too many degrees of freedom. If we 
identify two series, y, and x, as 1(1)，we will run the cointegration regression and 
obtain the error terms: 
i W t - “ X t . (IV.6) 
Then we apply the ADF test on the regression: 
k 
AUt = iA + 9Ut-i + Z 9iAUt-i + ^ t. 
i=l 
The test statistic is then the t-statistic for cp but the t-distribution is not suitable. Engle 
and Granger (1987) have computed a set of critical values for 100 observations and 
the null hypothesis Ho is that y, and x, are not cointegrated when the statistics is 
smaller (in absolute value) than the critical value. An appropriate set of critical values 
for 50 observations are presented in Engle and Yoo (1987)^ 
Another test for cointegration is the Cointegrating Regression DW Test. From 
equation (IV.6), we obtain the DW statistic, 
^advocated by Dickey and Fuller (1981). 
9 see footnote 2 72 
T w m ^ t - i ) ' 
DW = ； , 
Since DW is approximately equal to 2(1 - p)，where p is the first order autocorrelation 
coefficient, it would not be significantly different from zero if p二 1. In other words, 
the null hypothesis Hq is p二 1，DW=0 ifx, and y, are not cointegrating. If DW statistic 
is significantly positive, then we may say that the two series are cointegrated. Critical 
values for this CRDW Test are also presented in Engle and Yoo (1987). 
Similar to the volatility test，we apply the cointegration test to various sectors 
of Hong Kong property market. The results are shown in the tables IV.29-IV.31. In 
the industrial sector (see Table IV.29)，only the Hong Kong Island sub-sector shows 
that the prices and rents are cointegrated at 5 % significant level for ADF test and 1 % 
significant level for CRDW test. In the other three districts, we cannot reject the null 
hypothesis of no cointegration. In the commercial sector (see Table IV.30), the null 
hypothesis of no cointegration between the prices series and rentals series is rejected 
in all sub-sectors. When we compare the Grade B with Grade C offices in Sheung 
Wan and Tsim Sha Tsui, both ADF statistics (in absolute value) and CRDW statistics 
are smaller, which indicates that volatility may be greater in the Grade B offices. If we 
compare the statistics across districts, the acceptance of alternative hypothesis of 
cointegration is just significant at 10 % level for only the Yau Ma Tei district where 
the price may be more volatile. In the residential market, the results are ambiguous, 
but some patterns can still be found. Cointegration of prices and rentals does not exist 
for the Class A flats in all four districts while the cointegration is significant for Class 
D housing, which seems to indicate that the luxury property market is more stable 
than the small uint market. Moreover, the residential market in the New Territories is 
very volatile as the null hypothesis of no cointegration cannot be rejected. 
73 
Table IV.29 
Industrial Sector (Flatted Factories) 
Level IstDiff. a b ADF CRDW R-SQ Lag No. 
Hong Kong Island 
InPt -0.2180 -3.4585 4.4784 1-0755 -3.6715 2.0840 0.7749 1 
*** (13.15) (11.13) ** *** 
InRt -1.2758 -2.9918 *** 
Kowloon 
InPt -0.5502 -2.3955 4.6801 1.0324 -2.0468 0.5273 0.5641 1 
“ (8.41) (6.63) 
InRt -1.4815 -3.0424 
* 本 * 
New Kowloon 
InPt -0.0266 -3.2538 3.0674 1.4775 -2.6737 1.6200 0.8937 1 
** (8.26) (13.90) *** 
In Rt -0.6292 -3.4199 
• 本 * 
New Territories 
InPt -0 6079 -2.1350 4.1966 1.1544 -1.7043 1.0860 0.8721 0 
“ (14.40) (12.79) " 
InRt -1.0579 -2.4540 
* * 
Cointegrat ion Regress ion M o d e l : In Pt 二 a + b In Rt + u t 
Critical Values (obs=50) 
lo/o 3.58 2.62 4.12 1.49 
5% H 2.93 1.95 3.29 1.03 -
lOo/o * 2.60 1.61 2.90 0.83 
Figures in the parentheses are t-ratio. 
see Append ix for details. 
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Table IV.30 
Commercial Sector (Offices) 
Level 1st Biff. a b ADF CRDW R ^ S Q _ l £ g N o _ . 
Sheung Wan B 
InP t -1.1884 -2.6804 4.3410 1.1060 -3.9569 1.3690 0.8753 1 
*** (13.76) (15.89) ** ** 
I n R t -1.0668 -3.3526 *** 
Wan Chai B 
InP t -0 8189 -3.4310 5.0881 0.9489 -4.0807 1-1180 0.8705 1 
(17.19) (14.67) ** ** 
I n R t -0.6153 -4.0533 *** 
Tsim S h a T s u i B 
InP t -0 6114 -2.5988 3.5385 1.2673 -3.1793 1.0250 0.9374 0 
** (12.31) (20.84) * * 
In Rt -0.6332 -2.8961 *** 
Yau Ma Tei B 
InP t -1 7914 -1.6446 4.4760 1.0567 -3.0822 0.9161 0.9267 0 
* (17.55) (18.47) * * 
InRt -0.8039 -2.2531 
本 * 
Sheung Wan C 
InP t -0.8756 -2.0509 4.4572 1.1242 -4.0400 1.8900 0.9128 1 
** (17.88) (18.58) ** 
InRt -0.8179 -2.1416 
* 本 
Central C 
InP t -1.0264 -3.5397 3.2823 13398 -3.6308 1.6760 0.9332 1 
(11.76) (21.80) * 
In Rt -0.6596 -3.0836 *** 
Wan Chai C 
I n P t -1 1207 -2.1380 3.8079 1.2389 -4.1541 0.8354 0.9095 0 
“ (13.58) (19.54) ** * 
InRt -0.7247 -3.1609 *** 
Tsim S h a T s u i C 
InP t -1 4997 -2.0154 3.7219 1.2258 -3.4270 1.6250 0.8883 2 
** (11.55) (17.38) “ … 
InRt -1.2115 -2.3081 
^ 




Level I s tP i f f . a b ADF CRDW R-SQ Lag No. 
Hong Kong Island A 
InPt -0.1889 -1.9630 3.6731 1.2943 -1.9264 0.2109 0.7473 0 
** (6.76) (9.57) 
InRt -0.2428 -2.7935 *** 
Hong Kong Island B 
InPt -0.6750 -2.2657 3.5604 1.3212 -3.1915 0.4649 0.9350 0 
** (14.14) (21.11) * 
In Rt -0.7356 -2.7557 *** 
Hong Kong Island C 
InPt -0 9092 -2.0633 3.7002 1.2647 -3.1542 1.0520 0.9150 0 
** (13.33) (18.85) * * 
InRt -0.0784 -3.5371 *** 
Hong Kong Island D 
InPt -1 5119 -2.4426 3.7971 1.2117 -3.7058 1.0460 0.9163 0 
“ (14.51) (19.85) ** ** 
InRt -1.3936 -1.9597 
* * 
Kowloon A 
InPt -0.3222 -2.0498 4.2102 1.1215 -3.1843 0.5194 0.6732 1 
** (7.26) (7.99) * 
In Rt -0.0799 -3.5054 
本 * * 
Kowloon B 
InPt -1.5194 -2.2606 2.5268 1.5597 -3.1132 0.7898 0.8738 2 
… (5.60) (14.41) * 
InRt -0.1972 -2.7573 
Kowloon C 
InPt -1 1224 -3.1522 3.3849 1.3454 -2.4129 1.9270 0.8474 3 
*** (8.14) (13.12) *** 
InRt -0.5210 -3.3154 
本 * * 
Kowloon D 
InPt -2 3516 -2.8654 5.5765 0.8169 -3.8955 1.2850 0.7667 1 
(15.27) (9.06) ** ** 
In Rt -0.9676 -4.0959 
* * * 
All specifications are the same as Table V.29 
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Table IV.31 
Residential Sector (Continued) 
Level IstDiff. a b ADF CRDW R - S Q _ I f g ^ ^ 
New Kowloon A 
InPt -0.6938 -2.1466 0.7055 2.0274 -1.8206 0.4336 0.6096 0 
** (0.60) (6.96) 
InRt -1.2045 -3.1133 *** 
New Kowloon B 
InPt -0.4544 -1.8186 2.9624 1.4803 -1.5346 0.6018 0.7117 3 
* (4.74) (9.16) 
InRt -1.2798 -2.7382 
本 * * 
New Kowloon C 
InPt -0 2822 -2.1216 3.7988 1.2667 -3.2347 1.0610 0.7304 1 
** (6.98) (9.31) * “ 
InRt -0.1675 -4.0672 
本 * • 
New Kowloon D 
InPt -0 6135 -2.2280 3.5413 1.3230 -3.3991 1.2060 0.7708 2 
** (6.50) (9.87) ** 
InRt -1.6505 -3.1946 *** 
New Territories A 
InPt -1.2053 -2.7056 3.7094 1.3083 -2.6272 0.7846 0.7232 0 
*** (6.19) (8.40) 
InRt -1.2633 -2.5214 ** 
New Territories B 
InPt -0 0793 -3.0229 4.5425 1.1056 -2.2250 1.4150 0.7689 1 
*** (10.48) (9.48) ** 
InRt -1.4628 -2.7010 
本 * 本 
New Territories C 
InPt -1 3734 -2.4646 7.2701 0.3860 -2.2556 0.7780 0.2333 0 
** (14.82) (2.97) 
InRt -1.6689 -3.4804 *** 
New Territories D 
InPt -0 7665 -1.7074 5.5916 0.8139 -3.5644 1.0060 0.7667 0 
• * (17.25) (9.66) ” * 
InRt -0.0053 -2.1010 
* * 
All specifications are the same as Table V.29 
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Results Interpretation 
From the Volatility Test, we do not observe a general violation of the 
inequalities (IV.3) and (IV.4). 
Consider the results for (IV.3). They are result is not surprising because we 
have strongly assumed that the ingenuous price, P,�depends on a fixed rental income 
which is time invariant. The actual market price, P,, is hence a better predictor of the 
perfect foresight price, P,^ . However, we note that the condition does not hold when r 
is very large. The discount rate consists of two components, the time preference and 
the risk premium. The time preference is relative stable while the risk premium is 
changing. When the value of r is very high, it may suggest that the weight of risk 
premium be very high, which may indicate high uncertainty. Even though the current 
price may reflect the information in the property market, the predictive power of 
current price is still low because of rapid changes in the environment�Under this 
situation (IV.3) can be easily violated. 
According to the volatility test, the variance of P,^  is greater than P, because 
forecast eiror exists. However，the existence of bubble phenomenon implies that the 
prices vary even in the absence of news of rental changes, so that the variance of P, 
will be larger. Looking at results for (IV.4), there is no strong evidence contradicting 
the model. If the discount rate, r, is negative，the change in income stream and future 
property resale value will have greater impact on ( Thus, the inequality (IV.4) 
holds. When the discount rate，r, is positive, the inequality (IV.4) is sometimes 
violated. In view of such mixed results, in general, we cannot say whether there is any 
bubble phenomenon in the property market The lack of clear empirical support for 
the existence of bubbles in the Hong Kong property market is again evident in the 
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results of the cointergration tests. Nevertheless, we do observe that there are some 
bubble phenomena in a number of sub-sectors. The model developed in Chapter III 
can perhaps help explain the patterns in our empirical results. 
Hong Kong is a small and open economy. The property market is easily 
affected by both demand and supply shocks. However, different sub-sectors have their 
own characteristics so that the pricing behaviour of the markets are different. 
In the industrial sector, we observe a bubble phenomenon, as prices and rents 
are not cointegrated in Kowloon, New Kowloon and the New Territories. But the 
theoretical model illustrates that the market structure of this sector could generate a 
, s i m i l a r phenomenon. First, the marginal cost of flatted factory production is relative 
low, so that the price of industrial premise would respond much more to disturbances 
in the market. Second, a lot of flatted factories in Hong Kong are converted to offices 
while the workshops are moved into China or to Southeast Asia because the 
restrictions on the usage of industrial premises are not very tight and clear�As a 
result, some investors are also interested in purchasing the flatted factories for 
commercial uses. The demand for industrial properties is hence elastic. Moreover, 
industrial investment is a long-term investment. The derived demand for and supply 
of industrial premises therefore tend to respond to more permanent rather than 
transitory shocks, due to the longer planning horizon of industrialists. According to 
model in Chapter III, both the high demand elasticity and greater shock persistence 
may cause price volatilily in this market. 
In the commercial sector, we have studied only the offices market. The 
business cycles, political instability, large scale reclamation and expansion of the 
CBD are all shocks to the commercial property sector. Even though the offices 
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property market is very sensitive, we do not find any bubble phenomenon from our 
analysis. Maybe the rental market of the commercial property is very active so that 
the movements in rents follow closely changes in prices of the premises. Therefore, 
the prices series and rentals series are cointegrated. 
Sometimes the rental contract can introduce friction into the adjustment 
process. However, the price responses will also be smaller as a result according to our 
model. Another explanation for the stability of commercial property prices is that the 
marginal construction cost of a commercial premise is very high when compared to 
the industrial and domestic sectors. As a result, according to the marginal cost effect 
stated in table 111.1，price fluctuations are likely to be smaller. Thus interpretation is 
also consistent with the cointegration results of prices and rents in the eight sub-
sectors. In table IV.30, we find more negative ADF statistics are and/or CRDW values 
for in Hong Kong Island, where the marginal cost is higher, than for Kowloon. Also 
in table IV.30, for the Yau Ma Tei Grade B Office sector where the marginal 
production cost is at its lowest, prices and rents are just cointegrated with 
ADF 二-3.0822 and CRDW二 0.9161 while the statistics for the other sectors are 
more significant. 
Our results also show that the significance of cointegration is greater for low 
quality offices. For example, ADF statistics for Grade C offices in Sheung Wan, Tsim 
Sha Tsui are more negative than those for Grade B offices in the respective districts. 
This may be attributed to the "storage cost" of the commercial properties. Since Grade 
B Offices offer superior equipment and better locations, it is believed that the 
maintenance cost is higher. Hence the price fluctuations for Grade B Offices may be 
greater because of storage cost effect. Furthermore, even though the office market is 
relatively sensitive to noises in the economy, impacts of such innovations are usually 
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absorbed by the market in a very short period because the sector is believed to be 
flexible. As the duration of the shocks is shorter, the average prices may not deviate 
from the average rentals. According to the persistence of shocks effect, the price 
fluctuation in office market is smaller. 
The domestic sector is more complicated. Neither the ADF test nor the CRDW 
test give unambiguous results about the emergence of bubble phenomena. In table 
IV.31, we find that the price series and rental series are not cointegrated in most sub-
categories. The worst case is in the New Territories. This may be explained by the 
marginal cost effect. In the New Territories, the marginal cost of constructing a 
residential unit is relative cheap, so that price responses to shocks tend to be larger. 
Similarly, prices and rents are cointegrated for luxury residence but not for small flats, 
a result we can attribute again to the difference in the marginal cost of production. 
In addition to the marginal cost effect, the storage cost effect also suggests that 
price responses should be greater for the small residential units. To small developers, 
the maintenance cost or storage cost of the small units is relatively high. On the other 
hand, the larger flats are usually developed by some large developers in the form of 
, large private estates. They have lower per unit maintenance cost because there is 
economies of scale, so that the price response of these units should be smaller, as 
observed. 
Furthermore, the demand elasticity effect is significant in the small residential 
unit market. Demand for housing is normally believed to be inelastic because it is a 
necessity. However, the government has been building a lot of public housing to solve 
the housing problem. Many people, who would not buy the private flats subject to 
their budget constraints, are greatly subsidized by the government. When their wealth 
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are accumulating, they are not required to give up the subsidy so easily. Meanwhile 
they will generate a large demand for private flats that belong to Class A to Class B. 
Together with the mortgage policy, most of the tenants are encouraged to purchase the 
domestic units. Summing up these demands horizontally results a flatter or elastic 
demand. If the demand is elastic, the price responses are greater with respect to the 
shocks in the market. It is another reason for higher price volatility of small 
residential units. 
Unlike the commercial sector, the duration of market noises such as 
government town planning, immigration policy, may be much longer in the residential 
sector. From the model, we know that the price responses should be greater as a 
result. It may be another explanation for larger price responses in the residential 
sector, as shown by the fact that the cointegration of both price series and rental series 
is not so significant in most sub-sectors of table IV.31. 
Caution is, however, advised in interpreting the above results. First, even 
though the government published data are used, there is no guarantee of error free 
measurement in prices. Expression (IV.3) will be easily violated if the variance of the 
measurement error is very large, and the volatility test will be invalid. Second，the 
rental value is assumed to be the only fundamental of the property prices. Renting a 
house is a consumption decision. Without investment and speculative behaviour, 
volatility in rental market is much smaller than price change in the sales market. I also 
assume that both the rental market and the sales market are comparable. Third, Evans 
(1991) finds that the probability of accepting the hypothesis of no bubble is relatively 
high for the cointegration tests. This would greatly affect my conclusion of no strong 
evidence of bubble phenomenon, especially in the commercial sector. 
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The empirical study also suffers a very small sample size. Since we are using 
quarterly data starting from 80s, there are only about forty observations. Using the 
monthly data of some private property agents, the sample size will increase by more 
than 50 %, but these data sets usually start in the mid-80s. For cointegration analysis, 
studying a longer time span is more important than using a larger number of 
observations. Moreover, using the private property agents' data will increase the risk 
of getting biased sample. The measurement error may also be greater. Of course, the 
consequence of small sample size is the low power of the tests, which renders many 
of the results inconclusive. In fact, we are also required to test the stationarities of 
both the rental and the price series before going to the cointegration test. If the power 
of the unit root test is very low, then we cannot be sure whether the series are 
nonstationary or stationary. The cointegration analysis may be meaningless if we are 
studying two 1(0) series. Moreover, Schwert (1987) suggests that the correct ARIMA 
process specification for the data is important because the unit root test statistics can 
be far different from the conventional distributions. Nevertheless, even though the 
unit root tests suffer form the power problem, DeJong, et al. (1992) say that the 
augmented Dickey-Fuller procedure is reasonably well-behaved among various 
procedures such as Perron and Phillips. 
Recently, some economists have turned to the use of pooled cross-section and 
time series data as a means of generating more powerful unit root test�According to 
Levin and Lin (1992, 1993), the Monte Carlo simulations indicate that the normal 
distribution provides an excellent approximation to the empirical distribution of the 
test statistics in relatively small samples. These panel test procedures can yield much 
higher power than performing a separate unit root test for each individual series 
because the null hypothesis imposes a cross-equation restriction on the partial 
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autocorrelation coefficients. Hence, the unit root tests in panel data may be essential 
in further study on this topic. 
With these cautions in mind, my results suggest that we should not conclude 
that there are bubbles in the Hong Kong property market from the volatility test, ADF 
test and CRDW test. When we divide the aggregate market into many sectors, each 
with its own market structure, some of them do show the bubble phenomenon. But 
even in these cases，we find that the modified inventory model can be used to explain 
the observed volatility. There is therefore no convinicing evidence for the existence of 
bubbles in the property market. However, given the limitations in the available data 
and the methodology used in this study, a more conclusive verdict perhaps awaits 
further research on this issue. 
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Chapter V. Conclusion 
The bubble is one of the extension of the Rational Expectations Model. 
However, it involves other literature such as dynamics and stochastic modeling. In 
addition, other mathematical and econometric tools are also required in understanding 
this field. As mentioned before，the bubble phenomenon is present in many markets. 
This paper attempts to investigate how it affects economic behaviour and what its 
impact on the market or the economy are. 
Firstly, we focus on the financial market, especially the stock market which is 
an important and direct channel for the public to invest their wealth. According to 
Shleifer and Summersl, some investors, who are not fully rational and their demand 
for the risky assets is affected by their beliefs or sentiments which are not fully 
justified by news on the fundamental, are called noise traders�Another group of 
investors are rational arbitrageurs. Sometimes the changes in self-fulfilling 
expectations (bubbles) can be a response to the pseudo-signals that the noise traders 
believe. Then the demand would shift and the prices would change. The "technical 
analysis" is another example of demand shifts without a fundamental rationalization. 
Since the noise traders might be on average more aggressive than the arbitragers and 
the extra-earnings of the noise traders also attract many new comers, the noise traders 
would not be eliminated in the long run although some of them are losing money. On 
the other hand, the rational arbitragers would also be interested in what information 
the noise traders know, and will spend resources to explore what the latter are 
thinking in order to minimize loss or maximize gain. Hence, there are shifts in the 
demand for stocks that do not depend on fundamental factors or news even in the long 
run. Then the prices cannot really reflect the value of the assets. The misallocation of 
1 Shleifer and Summers (1990) 
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the resources would lead to a Pareto-inferior state of economy. Additionally, a price 
bubble in one asset will increase its price relative to other assets not subject to 
bubbles, and this will lead to a portfolio redistribution. As a result, non-speculators 
are drawn into speculation because if they do not redistribute their portfolios, their 
relative returns will decline. 
In the production sector, the producers perceive only the price Pt which is 
composed of both the fundamental and the bubble. Hence, the change in Pt may not be 
actually reflecting the demand from the actual consumers. If the bubbles burst, the 
prices will fall below the pre-bubble level because of the increased supply. We may 
also observe fluctuations in the output level without any real exogenous technological 
shock or tastes change. Meanwhile, the prices level may be neither procyclical nor 
counter-cyclical since the movement of P^  is affected by both the fundamentals and 
the bubbles. 
If the bubble is actually growing in the property market, then the prices will be 
a wrong signal to the final users and tenants. They cannot allocate their wealth in 
efficient way. When they invest their money in purchasing the over-valued properties, 
their liquidity would be greatly reduced. The banking industry is finding it difficult to 
adjust their credit or mortgage policy because real property appraisal is becoming less 
reliable. When the bank is too conservative, it may lose the potential client who are 
planning to purchase a property. On the other hand, if the bank lends the money, it 
must share the high risk with the clients. For the property developers, they will not 
know when, where and what types of property to develop. A wrong matching market 
is generated. 
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In order to investigate whether such a situation exists, I have broken down the 
Hong Kong property market and set up a model to account for the behaviour of 
different sub-markets. The model is an extension of the inventory model developed by 
Alan Blinder (1982). Since Hong Kong is a small and open economy, the market is 
often moving up and down subject to both demand and production shocks. However, 
, different sectors would have different responses because the developers in each sub-
market face different demands, production costs and storage costs. Moreover, the 
characteristics of the innovations are different across real property market. 
We have used two common empirical methods in testing the existence of 
bubbles to look into the real property market. Because of their simplicity, neither the 
volatility test nor the cointegration analysis give us a consistent conclusion that there 
is bubble phenomenon in Hong Kong real property market. For the cointegration 
analysis, we only consider the ADF and CRDW test which are the primary steps. In 
order to save degrees of freedom because of small sample size, without loss of 
generality, we have only two variables InP^  and InR^ For a complete analysis, the 
Johansen procedure, in which we include the other real variables such as real income, 
mortgage ratio, would be more suitable. Furthermore, we may also include some 
dummies to account for changes in environment, household structure, government 
policy, etc. In our analysis, we have assumed that all underlying fundamentals are 
represented by rentals only. 
In each particular property market, our model can be used to provide the 
underlying rationale for our observation. Price responses are emphasized since we are 
interested in price bubbles in the real property market. In fact, the application of 
inventory model in the real property market is a new attempt. The data series we 
employed is crude and short, with only twenty eight sub-sectors and quarters of 
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observations. The variation within each sector is also large. Unlike the stock market, 
commodities in the real property market are heterogeneous. If we focus on a smaller 
district or a few residential estates, the heterogeneity will be reduced. Then it will be 
easier to identify the fundamentals in the real property market. But more specific data 
will be required and they cannot be obtained directly from the government or 
property agencies. Moreover, if we want to study the power of our model in 
accounting for the market structure and adjustment of the property market, it will 
require data on the supply, sales, vacancy position of properties developed by 
different companies. 
From the above discussions, we may derive three implications. The first one is 
that the presence of bubbles may provide us with one more channel to understand the 
business cycle. It may also account for the sharp increase and fluctuations in prices in 
the Hong Kong real property market. According to the empirical results, however, we 
cannot present strong evidence suggesting that the property prices deviate from the 
market fundamentals as measured by the market rents. Therefore, we cannot say that 
there is bubble phenomenon in the Hong Kong real property market, as the 
fluctuations of the property prices may be the outcomes of the characteristics of the 
market structure. 
The second one is that bubble-like phenomena can create market failures and 
some externalities in our competitive market economy, leading to calls for 
government interventions. In the commercial sector, there is cuirently very little 
government intervention. In the flatted factory property sector, the government has 
constructed some industrial estates but the scale is very small. However，many private 
flatted factories are converted to commercial purposes. In any case, the fundamental 
factors of the industrial sector are not enough to explain the price fluctuations. 
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Fortunately, the industrialists do not have any complaint or demand for government 
intervention. They have simply moved their factories away from Hong Kong. It is in 
domestic sector that government intervention is at its most prominent. Public housing 
is a major intervention. The existence of rental public housing has suppressed the real 
market rental values. It utilizes a lot of scarce resources but it may not match the 
public needs; the tenants want to purchase their own flat. If the government provides 
more and more rental public houses for them, the actual market rents would be further 
distorted. Demand for private residential flats may be reduced temporarily as more 
people would be subsidized but it eventually increase. The prices of residential 
properties will diverge form the discount present value of rents，leading the 
developers to make wrong responses and aggravating the price volatility. If the 
government must intervene the residential sectors，it should cooperate with the private 
developers in order to provide a wider range of accommodation to match the public 
demand. Another method is selling all public housing to the low income group in 
order to reduce distortion. 
The last implication is that even though we know the effects of bubbles, we 
still have little knowledge about their formation. Unless we understand the 
fundamental causes of the bubble-like phenomenon, appropriate policies cannot be 
developed. In the Hong Kong property market, reducing government subsidy and 
intervention may be the most effective means of smoothing the market. Otherwise, 
doing nothing is better than employing the wrong measures. 
In summary, bubbles may not be the most relevant concept in understanding 
fluctuations in property prices. The relevant economic literature is still small; and the 
empirical methods of verification are not entirely satisfactory. However, under the 
assumption of rational expectations, bubbles may still be a reasonable approach to 
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analyzing our economy. In the Hong Kong real property market, some people 
perceive the volatility as a bubble phenomenon. From our empirical analysis, the 
evidence is fairly weak. Sometimes the price volatility or bubble-like phenomenon in 
a particular asset market may be explained by other models. We have extended and 
applied an inventory model to the real property market and found that its implications 
are consistent with our observations. Admittedly, the approach in this thesis is non-
traditional, the methodology perhaps immature, and my study suffers from the 
common econometric problem of possible misspecification and the small size of 
sample, so that the results should be intepreted with caution. Nevertheless, they do 
show that the bubble may not be the only explanation for price volatility in the 
property market and that more conventional analysis of the fundamentals can go a 
long way in understanding the observations. 
90 
Appendix 
I have used the Shazam (Version 7.0) for the cointegration analysis. Although 
the critical values are provided by the software, they are not applicable because the 
number of observations are different. And the critical values are obtained from Engle 
and Yoo (1987). When the ADF test is applied on the data series, in general, the 
command we often use is COINT. The program will automatically choose the 
appropriate number of lag variable, which is set as the highest significant lag order 
from either the autocorrelation function or partial autocorrelation function of the first 
differenced series, on the right hand side of the equation. 
In the regression, both the prices and rents are real variables. These can be 
obtained by deflating the corresponding series with the implicit price deflator of GDP. 
For the period 1982-84, there are no data for the New Territories. Therefore, the price 
and rental series for the New Territories are shorter. Moreover, prices for properties in 
the New Territories were gradually added by district from the first quarter of 1984. 
Since the first quarter of 1987, all districts have been included. For the last few 
quarters, the provisional data are provided. Hence, the results may be different when 
those estimates are suject to revisions later. 
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